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SERA X -FEE xe D@Q), Txe DT,
(x,Q0x) = (x,x) + (Tx,Tx),

i [Qx] = x], XV Q B——mit.
B6.1.50RTTH = VIT), &fmrxzx=TTHD
W, FREMTFE—~heca, FEMR - D) Mk

e D(T*), {#14
Q> =<0, T¥*e> +(=ThH b>, (6.3 15)

ELETB AR AC e, BB, CREMERT. A N,
T*c> 1 {-Tb,b>,
[<0,8>)% = [<e, T*e> % + <= Th, 6542,
53
(A2 Yel® + {03,
i8I, C[<1.
HEFRG.3.19ME 4K, FTb=c, IRC=TS5, it
BEXNG.3I.IOMB-SH, &
h=T*c 4+ b=A(T*T +1)b =QBhk,
BRI QB =1, hpkal4nQ 2D (Q) B ffe LWkest. |50 ™ 4n B
e F D Q) fy—3 -~ Lkt |
HTHESH veD@Q), HEM—RACw, i Bi=y, F#
BQy=BQBr=BQB)h=Bh=y, # BQ],
X TEGxcaw, FEE-HreDOERY =%, &
(Bx,x) = (BQy,Qu¥) = (y,Qy) =0,
B P ERMELER T, (1), %Ki,

o



T RIEH D, WHTRAKT, TR x2HhHRF
2w, (DAL h&E—4Hilbertzifn), W<z, Tl (T, W
vxeD(T*1),

D= (<z,T2>.¢x, Tx>»)
=(2,x) + (T'z,Tx}y = (2,Q0x),
TR =2, BBl z=0, BWIT"H =TT, iEk.
#wi6.3.7 TERBEEHAEF, WT'TEHHEAET.

WEH @ TeB=1, BR——MALET, HMLIQ=0""1HE
BHERTF, M T T=0-1 hEANET.

£36.5.8 13T £Hilbert St LM AR T, fEW
2

T™T =TT*, (6.3.16)
RETEEREERET (AHEE “LR” B,

TEE.3.9 ENExF | -BEREEEL, I

(1) D(N)Y=D(N*);

(2) [Nx|=|N*x|, VxeD(N);

(3) ANCM, MBERERERETF, MN=M,

B MT B YySDWININ)=DNN*), M(Ny, Ny =
(v, N*Nyy, XHAINEHET NY™=N, Ny, Ny =y,
N*NYyy = (y NN*yy, BEBN*N=NN* Bl

INwh=IN*y), HyecDEEN),

fFHLx € D(N), HB[H6.3.6 15D, <x,Nx>el (N, K
HIN i NJE DIN*N) LIRS, BILIFEE € DNINY, 1 =
1,20, {#] y,—>x ,Nyy—»Nx, HEFFH{N*Y}, BTINY, -
N*yil = Ny - Nys|, Bt s Cauchy Fll, FRFE z€ &,
{8 N*y-0o2, BAN* RAET, EllltxeD(N*}, z=N*x,
FTEA(N) (N, A

IN*x| = |z =lim[| N*y,])
=lm| Ny = [Nx],

o1



HEERNY™ =N, FEN*HWREREF, Bk
D(N*)CD(N**) = D(N),
(1) R BRIE.
BIGIE(). B NCM, B/E M*CN*, MENFRER KA
¥, BrLA

D(M) =D(M*) CD(N*)=D(N)=D M),

EXBEHDM =D(N), Hk M=N, BILIEEETEHEHE
KIE#HY . 5|BIEEE,
TEHHETREERTHIERESUEREXRE TR
SR, BNEFILHETRTEEET, BHEFIRHETR B
BEETF(P:}, > Pi=1, R PNCNP, NPRERERHE

T, RIEEENP poikEe Ry N YR, Ml H NS,
FF6.3.10 ENEFLRHERERE-F WHFEHE — B
K, #.E), ER -~

(N2, =J zd(E(z)x,5), VxeDWN),ye 2,

(6.3.17)
E (D #HgHEEET(P,), mE{#e.3.8, fRfEB, Cce
L), HRIBI<L, ¥CI<1, Bz0, U=NB, JH
B(I+N*NYC( +N*N)B=1, (6.3,18)
RAN*N=NN*, f 3B
BN=BNU+N*N)B
=B+ N*NYNBCNB=C,
TF&BC=B(NB) =(BN)BZCB, ¥ B,C &% Ry, BC=
CB, K3 TEEH A Borel /] MEHv(2),
p(BYC=Cy(B), (6.8.19)
BEAMNE, oBYCT[0,1]. IBEHS BAXENIEEK, B
Yy B R—t—, 050p(B), BIHEZ{0DH =0, XiEBE® B
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E(U‘I !]_J:i

BB {lif, 1=ty >l e hime, = (), 2T R
1, "'i-l‘:t“;u!it
U! #\.‘_‘_A.
FRIES W =)ty 1=1,2,00, FRf; £ oB) LHHFR AN
. EXEERT

P, =x,(B) =E8(t,_,, 4], (6.3.20)

HTxxi=0, 1551, FEAPPi=PiPy, 1551, XHE % Xx:i= (0,
1h BLivxe o,

X3 (¢) ={

> Px=Ef((@0,1Px=x, (6.3.21)

(2) MEEREC. 2.6, BTawm =tf,, FFEL
NP, =NBf(B)=Cf(B)e L&),

H—FEmPN=F[BYBNCf,(B)C, H(6.3.13), &

PiNCNP, (6.2.22)
T NP REERETF, DINP) =5, Bl |
R(PHCTD(N)., 1=1,2, ., (6.3.23)

MM, B Py=y, H(B.3.22), PiINy=NPy=Ny, X
NERPIBAFRED A/, BIRPHRNH L&,

THIEHUNP EERERET. h1(6.3.204

(NPY*— (P,N)*=N*P,,
(NPO*ZRRET, mURELZE, AL
(NP)*= N*P,_
Wi He 3.0, &
INPix||= jN*Px|| = J (NP)Y*x], Vxea,

FiLINP  EEREBRF LB 5.5.2,

REAENPHRENIEE, HARPHORENBIBE, P,

03

TR i s e o AR + - -



S5NP 7k, BkH TAL 8 Borel 1A C, P 5 EC(Ayarsi
fr, Hi

Ei (AP, =P E(8), 1=1,2,-. (6.3.24)
H6.3.21),

> IEC ) PP T P = I,
2o BN Pcp e E R, BT Y

E) =2 EN()P;, 4@, (6.3.25)

RIR(C . & .E)R—-EME.
¢3) WBRGB.3.17)., Mg Fe.3.3, SR T M,

D(M}:{ xganglz|2dﬁ£<z)x;ﬁ<m }, (6.3.26)

(Mx,y) -.~J 2d(E(z)x,¥), (8.3.97)

xeDMy ye #, BRI ISHMETEFHEF. HAEZEIEW
M=N, gt b HEJFHNCMRES, HANNCME, B
B6 3. 9NF/N=M,

FExcRPy, r=FPx, FREMx=E'Mx, H vyc#,

(Nx,y) = (NPx,p) =zd(E (z)x,y)

=[z d(E¢zx, ¥ = (Mx,»),

BiLAY x€ R(P) Bt Nx = Mx,
dFHEER xeD(N), PxcRWPy, FiLh
PNe=NPx=MPx, 1=],2,¢,
Q=P +P,+ e+ Py MONx=MQ;x, ik
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<Qix,05N1>er(M), F= ]12!"-9

BB HIMEBERAK, Bircolt, BH <xN>el'(M), Bk
P(NycoT(My, I NcM,

) ¥, B(C, %, B LER
(Nx,9) =jzd(£<z>x,y>,

VxeDWN)y, vear, R ERIBEK.
HT N*N & ERT, EAB—MEEFHRET, 21
(NEN) 172 A |
T=N{I+ (N*N)1-2y-1 (6.3.28)
WMyxeD, yvea, |

(Tx,y) = “g(z)d(E(z)x,y),

Hihg=y=2/Q+1z]), B FoHR, D=2, TEL(H), B
AT EE¥AET. T 9&——f, HIL

(Tx,y) =Jz d(E{g~ (z))x, 1),

BT WHigEA ET, BEREFHE B REAR

T=sz ET(z).

BAT#i%EME—, % T{EF Borel &£ 1
ET (&) = E(g~1(4a)),
F MBI 2R VY e R — 1, MR,

EIHE.3.1 WNEFLEATER T, (C.#F,EDREEM
K. Iiﬁk%’eL(ﬁ’), SN NS, Wi T {T & Borel 8 A,
E(A)S=8E(4), |

WEBR  4dn =izlz{sn), REMR) =04, f(2) =21, (D),
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WINU & R IEEEF, WA

' r
(NQqx, 10 = [ () d(E(z)x,y)

=z d(E(S @)XW,

RiG--4M%%5, ETHSBESRR, id NO, YA E/, Mk
E’ fyfs—H:, E/ Q) =E(f~1(4)), Hrh Ac gz, Y ACA, i,
' E¢A - A
E"(d).:{ (4, ,  #0&4,
E(AU(C" dn)): glﬂed:
WY ACA, i, |
E(A) =E(4)YE(A) = E(ADE (M) =Q,E’ (4),

ke 2 6.8,.25), YACC, H6.3.22%

E(A)N =D EV(MPNC DIE(4) (NP

= ENP'E'(.{']) =N ZE’{A)Pi

=NE(4A),
LA Q. NCNQ, =0, NQ,,

iESel#wy, SNCNS, N

(Q,SQ) (NQ,)=Q,SNQ,—cQ_NSQ,
CINQLY (Q,50Q,),
By Q,.50Q,, NO, B&HR, Bl
(Q,80,) (NQ ) = (NQ_) (Q,50Q,),

Bt Q.50, 5 E/ (D) w28 #,

EREFAIME A, ey kEF A, TE

Q,SE(4)y =Q,8Q,E(A)’ = E/ (A)Q,5Q, = E(A)SQ,,

& n—-co, BifH
SE(Ay =E(A)S,
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M TIRHEEE AT MR LR A R IR EE,

= ]

6.3.1 EGNRBEFHETF, RKIEN"HREEEET.

6.3.2 IRTRBEMAET, DT) =DT*),|Tx| = |T*x],
Ve, RIET RIEEET BR, LIEB (Tx,Ty) = (T*x,
T*y)y, vx,ycD(T)), |

6.3.3 iglelP MNEFLEERERET, MPLM
LN, RIiELM*CN*L,

6.3.4 Rik# LHAHEEFVNEEREREFN AT L E
FHZ TR A SR RE . |

(1) DNy =D (N*),

(2) N+N*, (N N*Y Rpfety, B0 ST,

6.3.5 RiE# LIAMEETNELREHEFIOEsSE
FURNFMEN N=A+18, A B RA#Y, mAETNigE
af LAZE k.,

6.3.6 RNEERERET RIIEAHETURENH
HEF P, #18 D) =D(N),

N=UF=PU,

6.3.7 IENEBEXRNEERTF, (C,7,EYE &y ik, if

i
(1) 2€0p(NY<E=2E({z})£0;
(2) o0,(N)= &,
3) zeo(Nye= vYBorel B2 A, zc A, FH EA)+#0Q,
6.3.8 WNEXRERETF, ERGHSE 4

¥ 2 fiy Borel 453k 4,
o V={ Ny }
¢ (v ze.g( )rdim R(E(A)) = + oo, ’

Oa (N) =0 (N) l\ausu (-Nr) ’

87




FKiIE s oy (N)BAENG z EBRILIE EH, 2€0,.. (V)
BHEY =2 oN)hHREARETTRERMTE.

8.3.0 ik RHilbent®jg, (C,#.EYREERE, /08
Borel B[ feak. RIE NP (0 =P U g B H X 2 Dy, Dy,
B @) )iD; sy 2H(6.3.11),(6.3.8) A% L.

6.3.10 W& R Bibert 517 (C, &, D RILENE, &S &£
A R Borel A MR, EHREEFIH, B

Lf(z}d E(z)
frlebesgue B Flsk, mwWH
$¢f) =J‘cf(z)d Ezy,

B e(Hme. 3. DAFrEX.

6.3.11 i & & Hitbert 5] (C, &, R £ EikE & f
i Borel WIRIEAE. 12 A, = (2| 1 F () |<Kn), [ (7) =0y (20 (2D,
E 84

PfHr=s-limdf ),

Hp (HEHRB.3.11)308E X,

$4 B RY ¥

4.1 MAHR-Fa5T ARSI ®

WAEAR TR ML, ¥ERFEATFRE, HEtES5H
M RERDARPES, XMERXHIEEAENFR, 1§ 1
W, RIACSABDE TR FR\XHERAE O R &4 L
F M. FX—Y, BRI EMIER I REEENBEY,. EE
Ty, RIMETFHE: B AKET AR T KR A~
MHEEF. BEBEDAYE DAYHRA,

£IE6.4.1(Vo: WNaumann) 5 A & Hilbert 28 f4la | 85—
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AFIMBRE T, NAF TIERD

D{(A*) =D (A) Gker{A* - 1] ) Pker (A* +11),
. S (6.4_1>
HAMFFxeDA®, Br=x4+x, +x., Hpx,eD(A), x,.C
ker(A* -}, x_cker(A*+ily, Wl

A*x= Ax +ix, —ix_, (6.4.2)

EBA LATH D Rid ker(A*Faly

(D EEW DA, D, 5 D_oREME H’J%ﬁﬂ B A
JS: ﬁxOED(A}, x, €D, Xiex,+x, +x_ —9 P R E1ER

ﬁzﬁiﬂ]m* —ihx_ = —2ix_, 133
(A-tDyx,=21x_,

HEADx-cD_=RA-d), FLhe_=0, RHEHE Hx. =0,
Mz, =0, R DA, D, 5 D% ZHERNFZiAE.

(2) BRREHDAYDPD EBD_cD(A%), ¥iF D(A*)TDA)
oD, eb_,

WG 2 2Rl 6,23, #=RA-HED_, ¥ TIE
FExc DAY, &y=AY—hx Hsrki
; _ y=Yy, tln
by e R(A-1D, y,eD_, 1T

=_1
x— - 21y29

Bl A*x_= —ix_, FiAx_c D, H&x DA, #R
(A-1hx, =y,

L= (A - 'I}xﬂ._gix_ :
= (A¥ - ) (x,+x_),

(A -y (x-x,—x_) =0,
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e x,=x-x-x.cD,, WA
X=xpt+x, +X_,
FR(G. 4, DZEREIE. 6.4.20R G4 DRNGEER B, &
BRI B,
F Ewf36.2.1,6.2.2,6 2 3L 86,2 4d WL,
HAzkz Imex0 Ei8, @EB6 4. 1hag 2 BATLAR lm 250
2tz R, FRIZ2eC, Imz#0, MHTHIHEMIMR

D (A*) = D{A)EBker (A* - 2y Pker (A* - 21),
. . (6.4.3)

HAMFIEFCDAY), BHBRAAr=x,+x,+x_, Hp &
D¢Ay, x cker(A* -z}, x cker(A*-Z), &Y
A¥x = Ax +zx_, +Bx_, {8.4.4)
ewE. 4.2 BARFLE—4HMBET, gn, =dim(A*T
i), RUFEREH (n,.,n) AN S 5 4 (deficiency indices), JEE
def(A),
iE n, [ LARR oo,
Wit6.4.3 M THHMBETFARBMAN, 44 HIAKRS
58 def(A) = (0,0, "
3l76.4.4 ®ARF L-AWMKETF, WHMT EE=c
C, Imz>=0, H
dim ker(A* - zl) =n_,

dim ker(A* - 2]}y =n_,

Hrp(n,,n) =def(A),
{8 W reC, Imzo, REFH M=’ CEMIMA
dim ker(A* — zly =dim ker{A*¥— (2 + 2/)])
EST, BMREITS ker(A* -z IR Y BB EFE.
Bz=a+b, b0, FWAHARKEN, ¥TFVuelD
€A~ zDyu|*=s*uf®,
HEL xS ker(A*¥ ~ (z+27)]), |[xj=1, FErcker(A*-zl)'=

k!
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R{A-z2D), Buc DA, (A-z2hu=x, LRAZAA
[x)= (5] . (6.4.5)
F—F
0=((A* - (z+2zY)x,u) = (x, (A=-ZDu) — 2’ (x,u)
= |xfj2- =2’ (x,u],
Walx|<Siz' el FEY|2' |<|blFFH56.4.5FEHAF
Bt XA ker(A* - (z+2 YR EE Y, {F B o€ ker (AT
-zhy+, M1E6.4.4, K=/ 1<|b|B, &
dim ker(A* - (z +z2/)) <<dim ker(A* — 21,
= RN, SRS = << /3, A
dim ker(A* - zI)<Cdim ker (A* — (2 +2')}),
Lz |<|b| /20, &
dim ker(A¥ - (z+z2")) =dimker(A* -2, (6.4.6)
gL, -
EF6.4.5 AR LMAMBRET, HT AZHAMNR,
S HAA o (A TR
iEBA e 6.2.11, XA J#$E, o(ACR!, HWEAE
FBHA Y o (AR B ABGfE.
En, >0, W ERTFEERED R 2€ 0p(A%), JLif R(A-
gl sker(A* —zD) ', K Zc o, (A). HLA n,>08 o (A)
FEM TR EE; RBEn_ >0, Mo, (A)FEH LEITEHE.
B T oACRY, #gdef(A)=(n,,n)= (0,0), HH Yoo
Nevmann g2 BV 401 A B H £y, WE*E.
H513E6, 4. 40 T HEfF 0 TR A,
w8i6.4.8 BAR—-AHAIBET, WEAHEE oA Rk
ZDTHER Z—:
(1) W BN
(2) H] TPl
(3) BAEEH
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(4) KB T8, MW ARE M,

SRE6.4.7 BAR-AMHFHET, FANTFERE (ADE
L& —rkl, WARHEETF,

ilFAH B 1 > .

FETHRAEAFARIZEET AN Eiiﬁﬂ'ﬁi}mufs, E; 4
IR 3 F—AFHXMNBRIGA EEAET, FLETREe kR
A EHERTFR?

B EH] Cayley i, AV = (A~ D (A+ID™, i &
EAMRETFEE o — — Rkt R A ER T BT REa7HTRY,
= Ve | RU-Vy=m}, BIERIEHCeyleyiti .o #9, L
1OF 310

®¥6.4.8 ® Ve, MUHEER - Acw, FHRVE

A fgCaylev 184A,

¥eol, SVE—-IHETFH, AREMED.

SEEH (1) AR -V)y =g, HUJ -V a4, B ker(d
-V)y =0}, |

sk b, FEyckerdd -V)y, ze D), Wi

(-Viz, ) ==, - Vz,mn
=(Va,Vy) — (Vz,9
=(Vz,(V-Dy =0,
HFRU-V)ERE, #Hy=0. .

(D B A=+V)UT -V, DA =RI-V), ZRB

E&ERT. ﬁ{ﬁi&&ﬂﬂﬁﬁﬂ:ﬁiﬁ—]ﬁ. RME: FH,

RCAY

D{A)

) G-y i+ V)
DCV)
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Eg anD{A) XX, Axﬂﬁ_’zl mu% ynED(V-} :ﬁﬁ
. ('I - V)yﬂ-= Xns
id+Vyy, = Ax,,

R RAH

¥a =%(xn— tAX,} w—é—(x - t'z)éy,

Vy, = _-é—{xn +:Axn}~» - ;— (x +iz)éw,

A4V Eme, BRLAye DY), HH w=Vy, \Ni®l 3 x= -

Vive DAy, LR z=1+V)y=Ax, ¥ARMAEF,
MFEEHx e DA, Sy, c DR x=U-V)y,

x/=-Vyy', MBS Ve Ve =(,v), vu,eec ),

(Ax,x )= (i +V)g, 4 =Viy’)
=1 W,y + (Vy, ¥y -y, VyHr~ (Vy,Vy') ]
= —1((/=-VD2y,d +V)¥")
= (x,Ax"),

A BMFREF.

(3) A XATEV KEHKEN B 7 AR Cayley 15
wmEV,

4 BEVEAET, MRA+DH=DV)=m, R(A-1)=
R(Vy=gr, REEMSE, 2.4, ALREAPERN. IEEE.

H#i86.4.3 A LA BEAXMERE, V.V, 2 5 ZEM18
Cayley S5, M A A, YHNDV,CV,,

H ks — W BR R LA, -~ 8 € i Cayley ZFif
Vae BERARE—AAETE ADA, BEE T H: Vi H0E
—ABYREUMERBRI-UD =27 HEZF DV, =RA+)
=ker(A¥—~ily*, MRV ) =RA =) =ker(A* +il) | A BiFE

103

e = e mee
B Y ol AL .




TLIaEk: BRBFELE ker(A* — i) —>ker(A* v 1 DG%EE LR

#ib6.4.10 ATHMKREFAFTHES K & 41 H U4
n,=n_, Hrir(n,,n.) =def(A),

EH6.4.11 AR -PHMERE 7, def(A) = (n,n), WY
AMEE—TEHY KA R EHE—Em O.~D_RMEHEE L
HFV.

DA ={x"=x+=z-V=zlxc DAY,z D}, (B6.4.7)
Ax' = Ax +1z +ipP=, (6.4,8)
R UHTHE

x & D(A)

/\

CR(A-: H’“"Et(;’—-!l)

=ED+ - ——e T D-

i " il
F = |4

HepU=VEP 4 1 i Cavley B,
AS5UMMBEZBEMS L 3RAWE. HIF 4 HFERR
(6.4.7),(6.4.8), BAi®x" DAy, {fCayleyash, HFy'C
s, {H8 :
{ x! = -y,
Axt =11 +Uyy’,

ﬁy’%.r&:""ﬁ}ME ,v"=y+z, ﬁFPyER(A_FI‘I); ZE'Df- ﬁﬂ]
Ulp, =V, Ulpa-1u =V, Bk XFxcl2(A), {#}
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{ v=(A+u)x,
Vy=(A-~)x,

LR
Uy =Vy+V=,
ek W
x'=y' -Vy-Vz
= -Vig+z-TV=z
=Nx +z2-- 2z,
Ax’ =%Ax +1z +1f =,
EBijrEE,
T L e B A

du
fi6.4.12 W & =L%0,1], A: weorg, DAY =Cil0,1],

WA R B AR, M A R, Au= Y, D = Hi00, 1]

= (ug M0, 1Tju (o) =u(1) =0}, Hoh 2™ X FH,
- AWTREBES LT B D, sk A P), HAH A¥, u-
jf » DA% = HY0,1], Hikk

—

ue D__@t%: +iu,

RAENMEREHMe. =e=', FAlgdef(D=0,D, BLLAEK
H Pk,

FAEHG.4.11, AMIEMAfEY R ML D, 3 D_ m%
BEfE FEFREGAR, XV ED.AD O~ SEBEELEF §
Vit EEB e lei=1, HTKX

Vo,=cep.
K, EM—RET —4 B IR,
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DAy ={u=viey. - a ) Hi[0,1], ¢ BEUH)

dv du , _
A.u= ._a?__+r¢(@++aegj_)—l-iﬂ. €.4.9

EX DOAHDTURLRRHFHE 0T
Didgs) ={ue H{0,1]| (e -apu(0) = (1 - aedull)}

u(d) = fu(ly, Hw,
= ueH‘[U,Ijl o loe J (6,4.10)
g -t

Hyg b, EACHANRBARS, m Ao 13/Hi[0,10—~ 412
“4 2pbEntiE], = w@,uDRE. EEH dnD(4,)/Hi[0,1]
=1, MARETFH{0, 1] AFsx—%, ML AAN=ER.
6.4.9, (6.4, 10341 T—H18 #:8H%.

#6.4,13 & =L%0,11, DA =C;[0,1_, A, u—u",
AR BRAg, AAH. @#6.1.6, ARLLAL & 4. DD =
H2rg,1]={ue H0,17|uc® = u/ () =u@) =u’(]) =0}, 4,
ubs - 33u, Fooho, RS G, FRAZ—AHMHET, #®
i ERe B ey R

EEENE D =ker(A* T )y, 3:Hl6 | 64

DA*Y=HY0,1],

A¥, b~ 371,
Hit, AT ve D 48 B4
~3ty= +1y,
1% o€ L200, UURME TH A BRNH S R—MEHIE
Erdiop 8 )
—-dfu=1ru,
IR AR EREL, MERKELTXHBEOT Zese £ R
Do, @Ak Do, Pk def (4) =(2,2), Mifi A S L4 8 £
1
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RIMAERR LYK, ATV ED.-Dom—
AT LET, SEALNEAE A T PR (). K

H
Foi=2,00Pe 1 =1,2,
k=l

FEL |
viz=ei~vVes 1=1,2,
- <]
tve HEl0, 1].}
)

D¢i4) = {u-u +Zc; i e e C?

Apu = -33v + ZG;’(!W*‘!P@;) = —2iu, €6.4.11D

BT —EF A0 B 4&M & %D, 5IH Wronski 47 A
TN
[u,vi=u'v-vu,
gt
DAy ={uc H2[0,13 [u,v;]]i=0,7=1,2},
_ G AD
W% T ve DA B EME ve H[0,1] 2 HBRU A .
F B3, "

D(AD)={uEH2|:{],1]!u(D)=u(1)=0},
: Anz= — 32 (6.4.13)
p= —

R Dirichlet 55 R 4T B f4 3K,
D(Ay) ={uc H¥}D,1]|v’ (D) =u’ (1Y =0},
‘A = — 3t (6.4,14)
& Neumann 53 J7 5% FI‘—“FH’JEH‘-#%E

X

oAy = {ueg 20,1 ]|ud0) =0,u’" (1) =0}, -
A= a2 (6.4,153
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BRABAEY kK, B |
o (Ap) =o(Ay) = {n*a?}, (6.4.16)
o () ={(”+?la_)2 n? ], 6.4.17
AR FE G 9R, faRpb ok BT ik kLM,
#l6.4.14 i%a = L0,0),D(A) = H2[0,0), A= - 32,
MAZMBRARTE, fiH DA% = H0,0), A*= -2, Hf
A5,
uc D, < -5”11:_—1,-:'1.1, ue L2 (,00),"

B0, =oxp (- L2 w00 ), [ B def(A) = (1, D, A A I

WRMTK, BT V. D~D. RSEELS, ¥4 B XA,
Ve.=op_, ¥ipsjal =1, Hit
D(ﬁ?)3{u=v+0(99+‘ﬁ@—)IUEHEE()pm):EE ChH

Apu= _ 2ty (6.4.18)
AARFHRBE D), ita=-e', B Ko, (1) =1,
s . VO n
HOREES NEDE —EXP(:':LZ-), 75

N 2 9 / coc _.6___’_‘ =
D(4s) = {ueH [0,00) !m?u (0)+co~(2 ,4-)::(0)-0}.

(6.4.19)
4.2 HHTFHRGANEA
RESREANTH AT RATESE, AFNTHEETS
BEHEUR. S-S RanERbERBEER. F
144y #3 Von Neumann # | Fl Friedrichs 3372 F,
1. Voa Neumann 7§ ] '
EME.4.15 WARE—1H Hilbent 5[], C B A SN
AL LRk 5, B '
C(ax + Byy =aCx + Cy, (6.4.20)
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AeBeC, VYx,ye#, R
() Ci=1, (6.4,2D
@) |Cxj=Ilx|, (6.4.22)
M C 2 Li—4- 348 (conjugate), |
gl B =L, WC: p—p B—AHE.
5i76.4,16 HC &&# E—4 1%, 0
(Cx,Cy) = (y,x), Vx,yc &, (6,4.23)
WERE HLk, VYx,ye#

(©x,69) =] IC& +» I - [Cex - DI

—i[Cx +ipd |* +ifCCx - i) |? If
Wil Cull? = |u]2, BB |

Cx,Cpy =4 Ix 490tz y1?

— ifx +ig]? +ilx ~ iy]?]
=(¥,%x),

EM6.4.177 AR E-AHBETF, HEE—14 LB
Cila®iy: C: DAY~>DA), JHH AC=CA, NARALLA
Pk,

iERA g xeD,, MCxeD., xEHND

(Cx, (AT IDCy) = (Cx,C(A+iHy)

= ((Ax i)y,
= (¥, (A*Fi)x)
=0, VYyeDW,

FCt=1, My ¥ DR, Cy Mg DA, FRE Cxe R(A

Fily-=ker(A*xuf), Bk

' C, D, —>D_,
XHEACt=1, FEIC 2——TE LK, HIF
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dim D, =dim D_,

HiR6.4.10, AF{ &Y K., EHEIKE.
EHER—AREH,Z8 #F=H LR, RVl .(RY,
VRE—AREmK. EX
RA)=C5(R™,
A, ubs - Au+Vu, (6.4.24)
$trh A & Laplace HF, MAFLAEMET K, FLh, HELF L
MLAENE Y Co vos, BamC. DDA, A

CAu= —Au+Vu=ACu,

TRE EEEEH AR LG R R,
rERENE—IHH, ZETAERNE, ks£ R L—4
IEWEE, ER TR MBU X, k

auzrmx“d”@‘), n=1,2,0, (6.4.95)

—

£ any BRDINE o KRBT, AN A& X T &8 4 11
KN {a, B R LiRRIEHEB6.4.25) R /MIL?
iz~ Bl H Hamburger 45 1R) &,

EIEG.4.18 I F[{a.) A R L—4~1E 0 B A& B 48 44 751
BAAX THEN, BB {,-.0yeC,

2 Opom En En =0, (6.4.28)
E8 M, Wue ER' L—A2IEREHHBG.4.25 1
. W

N 1

A ' 2 -
t}‘fn.\:“g dﬂf-’f),}-ﬂ.

-----

LR L]

Aok, BG.420F i, BeRR EAKRBEREE
B, EFLEYL -RERN
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(Zfﬂ.xn’ z IJ'inxm)= Z 2an+m ﬂﬂi fﬂ.-

‘amg M () =0 M=

| (6.1.27)
fiee . 4.26). ERIEMZREX, S¥=1{¢c#|(¢,0) =0}, #F
HER 7/, TR #/ ZATEEH, ERHATE
o1,[¢D = (P, v,
H (o1, e BiEE ¢, ¢ Il AP EIpEE, IR R 5E
&Za@lhy, T~ Hilbert 2jd],
RS A, F>P,

» N
Ar D Ex > D Ex™T (8.4.28)
=1 LS

A RXFRE, Wi H Schwarz &R
(A, Ad) = (Ao, P) < (A2, A2 12 (D, )"

A, e, FAETIEXHER #/2 FET A
Aled]=[Ad],

FEARZ PO BEET, DD =9/, HECR> k T

Mt Co=¢, MOCEABMBERL, EX

!’ o [¢*]l—>[53,

Mo O EBES 2 LRI~ RE, EHRE S e~

F/e, R AC=04. HigF—E®R, A HAEY®R, ®AA.

& ER ANiERKR, T& vYieLvie DD

[+"a(E 92,09 = (A[92,[¥D.
Hlol=[vl=1, 4 du=d(E)1,1), W
Jx"dy.(x) = (A*],1) =(x",]) =a,,

PRI 5,
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2. MAdagsh X ik ARk
Ut 2 —A- Hilbert 22, VO 2—4 M3kt T 8, I8
a: VxV>CR&V kAR EMERLE~HENL1.6.1),
Lira BIEER, BFEE >0, H5
a(v,v) =alv|®, vevel, (6.4.29
VERATES @ BYE LI, idig D),
1 R e REER, W e L3k, 8
a(u,v) =a(v,u), Yu,vegV, (6.4.30)
i vie, |
O0=CaCAu +v,Au +v)
= |A|2au,u) +Aa(u,v) +Aae,u) +a(w,u),
B FHEEM AcC
Al —a(u,0) +a(v,w)]
BERR, 2REYa,v) = a@, w4 H & ik,
2 MR o BTG, WA Schwarz KGR,
la(u,v) |2<afu,uya(r,v), (6 .4.31)
iEBR  FIAE L AIEWA, BT Ae C,
|A|2au,u)y + 2Re  Aau,v) | +av,v) =0,
Wa,v)=re'f, JA=te'? te R, TR
a(u,u) +2rt +a(v,v) =0,
MRS Rk A
ria(u, uyadv,v),
Hin
la(u,v) |*<a(u,walr,v),

FREZENRFERIRMER R a0 FET V EH—MAB,
JlmEiERH YV LAY~ TEH

(v =aqw,n?, (6.4,32)
WA, ERC - | b Hilbert £t 2 L poviskl + 138,
[12



TENE.4.19 1Fa(u, Y RIEEHRFNEEER, 1R D@
RKFEWD » [ AEHN, MKkae £MK.
Ha ZEFAHEERENREERNE, XKEX®RD@ENR
a(s, ) BRI E—4 Hilbert 43jg],
B ETE—-AHEHNET, §D@=DT)
a(x,y) = (x, 0+ (Tx,Ty), (6,4,33)
0le 2—AHMEEERAEEER, T R0 - L5 T B
(6.1.2) %y, B D@l [ FRu&H,
EH6.4.20 Feo R—AHAHLEELERNEHER, VE:
e X ik, MALFEE—RHEEHFEEFA, #8 DAY,
AN THE ve D), vel,
(Au,v) = a(u,v), (6.4,34)
CIERA (D) ARENL. 4

Hcﬂ>0ﬁ¥%‘ V'-'GV:
D(A) = V’
b ={ we IOl €439
i) Riesz ZoRn g, HFHEE—MW ey, A
a(II,U)=(U*,U), V”EV-
z%s.
A, ubsu*, VYucD(A), (6.4, 36)

Q) ARPEMKEZHET.

BHRALKREN, MAETcZ2EED, B3 ALEEM.

BirMEd:., RAEHDPAEV hEED- N £B8M. 75
BISEIEH 4 vi€V, alu,v) =0, YUc DA RAE v, =0, &L
L, BFvyew,

|G Il < mleITe,  Voev,

B Riesz XArgE®, FEweV, il
(¥ v) = aug,v), veeV,
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BDPRENL toe DAY, Auj=y, Fiz
R(A=g, (6.4.37)
BRIF vV, alu,vp) =0, vuc D), T Ry, LRA), M
g =10,
RAE R E. W TEE v,ve DA,
(Au,v) = alu,uv) =a{v,u)

= (Av,u) = (u, Av),

(3) ARAMNEETF.

RAIEYR DA DAy, FHuc DAY, BREXLFEE U E
&, {§iid vere D(A),

(u*,v) = (u,Ar),

BEHGB.4.37), R =27, MLVE we DA, R u* = Ap,
(1w, Av) = (Aw, ) = (u*,v) = (u,Av), Ml u=wc D(A),

(4 KE—1PE,

A RBEEREE G D I HERT., vueel(A),
Auc & =R(A), REHEweDA), R

Aju = A,
MM, vveV,
(Au,v)y = (Aw,v),
ElE
afu,v) =a(w,ty, YrveV,

TRER u=wc DA, & ACA, HAENF ACA,, 2 A &K
if.

#it6.4.21 RAREEAET, WI=1+A*A,D(Q) =
fue DAY AUe DUV EEERT, |

W fE DA Lo MRt B

a(u,v) = (u,v) + (Au,Av),

W e RIEEMHER. BIEEMNG,4.20, FAEB-HALET
(T P
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D@y ={ue DA Jure a9, alu,v) = (ur,1), Y& DA}

Qu=u*,
FueDQ)y, S ur=0u, ] a(u.r) = () + (A*Au, ) = (Qu,
V), Yee DAY, Frilue D@y, HOQu=0u, th 0=, K=z
Bl v DOy, EiF M Ave DA™y, MW ijue D@y, & 3
D@HCDWQy, BillAg =0, A a=(@-Du, NHh

alu,v) = (Gu,v) = (u,) + (Au, Av)

Ik
_ , (i, = (Au,Av), vre DA,
FhEd Aue D(A™), jEkE.

ENE.4.22 WARZ EWHHRET. MBELESSKC, &

WA F 1A x€ DO
(Ax,xy=cl(x,x), (8.4.38)

WFRA BT A RN, 04k Azc, &

(Ax, x)<le(x,x), VYxeD(A), (6.4 30)
MFRAZ EEBRR, IBF Ae, FA BEFRETLER N
A REARN., ERTERG.4 3D LIS ¢ ) LAY
ARITR, EEAERG.4,30 LI c MTHFBRA A
L5,

6.4, 23 (Friedrichs 3k E ) R A RS> LXHET,
THER. A -M, HALE I BETEK 4, 4 DERTH
fRM, #HH A= -M,

AR () &k AL, WA, w2 ul?, Yue D), 4

a(u,m) = (Au,v), Yu,vc DA, (6.4.40)
ARV B D (A) B
[u7=a(u,uy?
Mg, Wale, DERF VYV E, idfEat,). Mo RV L
oA e E RN ER IR, VAR a6, T — 4 Hilbert
B, AT FHAEES 4,22, GBI 6 k7 LEHBR, A
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BEAETIER Ve,

1 DAY HERET. BAle|<Cul, & TLAEIR
WAV LA RET ¢, E L, BT ueV ERu, e DV,
Wi 2 Lty —ul—0, W lin, —tugf = u, - u, <<l ug —un[—>0,
Mn,m—o0, FrLL{iu,} a2 iy Couchy 7], 10 MHRER b tu,
B W tu A g Canchy Fif{u, )i B W, + BV EiSmsRE 7,
Elpy =te MTAHR [iu, <N DHARR, B & frul<{ull. B
UL BT o<1, ohsb @ Bi——nh, b, % wu=g0,
B u, € DAY, [ug, —uli>0, F Blun] = loun] = 2 (ug - 0| <
Eiun““j“"o- Mo

Uu'jz:li_m lim au,,uy)

v, M -

= lim ]im(Auﬂ,um) =0,

] —c M@

fe=0, BT R——f, BROTHEVRABZA.
REERE 4,22, FE—THEET 4, L

(du,v) =au,v), vueD(d), veV,

Frue DAY
lau,0)| = | (A, | < | Au[2ll, Yoee DA,

LAREN S veV bRk, Sk, R ER v, e DA, 3%
Ave —vL—~0 BIR, HF{ ue DD, BELDACDD,
Heab, YueD(A),

(Au,v) =au,v) = (fu,v), YveD(A),
#:13 Au= 4u, KL A BEABAEYTE.

(2) fE—HE A -ME, 4 A=A+M+DI, §A,
ZLHEM . FEAHSY K Az1l, TREA=A-M+DIZ-M
AR B sk, EERIRIE.

#l6.4.24 RORR"BHRAXBHERFRE A, 2=
L2y, & DAY=HIWD, A=A, MARAMBET, 2582
A [y Friedrichs F{¢fgkd ., 4
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aauv)=J yuyr 4%,  u,reDCA),  (6.4.41)
gi Poincare 25, Ja>0,
(Au,u) =L; | yu(x) ladx;zczjam(x} [2dx, (6,4.42)
W A>e RIEERM, JH
Lol = {ullga. :
AVEHFOEDUTHHM, BIH @, TR a™ # KRS
FHELE H (@D x Hj (O LR HRIEE B HRERK DA,

BEREY K 4. 4

> 1' ch'}'ﬂ, } VIJEHI{Q),

DCh =|ueHy@ |~ _&ﬁiﬂ: ’

l UQVU VY dx]QCuH”HLKL' i
(6.4,43)

/A Riesz #, I fcii(d), i

-L'vu -{de =Jufﬂ dx,

Mef=— Nu, BIE AMESL, Au=!. FiLL

t'iu = - Hua
il it S fi L N
|iu”}!=|'9i*-<-.c(uu“£21m + “ - & “HL’.m)p (6_4.44}
fq
Dy =H{QNH{.,  (6.4,45)
= ]

6.4.1 A, J Hilbert 51{q) 2, FRM%K BF.n=1,2
o B D == e € DF. e DA, AEHT

Ba= ]
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uAb% |, Kik,

(1) A= SIA, D Ex¥)

(2 n, (A = D n (A,),

n—1 )
6.4.2 7 L0, ) hEXLHTT, = t— ,D(T) =C3L0,)

f L (- o, O REXETF To=1 5, DTy =C5(-0,0), RIE

def (T)) = (0,1}, def (T = (1,00, HEHFHRE—-THEE TR
FER BTN TR, '

6.4.3 WpOBERARAFEMA. & =L20,), T
- d e ,
$A=p(;.ﬁ), D(A) = C;(p,00), iFEH,

(1) ARMNHBET;

() F o) LITAETW, WA IRE MR,

(3) Fo@RAEKBHX, MAMTHEAEGE,

6.4,4 BMNRExR FEE, #Fdo M>din N, JijfF
frueM, Juf=1, HEH uc N,

6.4.5 BAR—I-HIHNEETF, RKiFoADXHFZ A H
R BELE (2 ATREHE, XEE &) BNE@E: &
FR D THNTE.

6.,4.6 BAR—AHMKETF, ABHTREZ P BE—/
K, MARGHERET.

6.4.7 BAR—AFHERET, &5, 2AMN - HETEK,
B A CA*, 7 D(AY) ESIA LR LA

C {x,y}= (Atx,y) - (x,A%),
FIEX x,y€ D(ANRE, {x,¥5=u,
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6.48 BAR-AHKREF, KD pa— S F=0, D
(A D D(A*), fE DxD L{z,y}=0, MELEAKH—T HIF
ik A, R DAY =D,

8.4.9 RAR—ITHHRETF, 7 DAY LIIARAR

(X, ¥ 4= (X, + (A*x, A%y,

FRDAMEHNR(, <) 4 FE—/> Hilbert Z2j. LMW

(1> 6.4. 7P| AN SEMIERAER(r, <) FHD
b T iESE; .

(2) A*fi—/AIR% A RAETYEAMRYSARERD (A)
FEXAHI T RN,

6.4.10 ZAR—AMEKEL, DAHFEHEMBE(, T
i Hilbert Zsfil, 1 SCDA®), i Sx S k{x,¥}=0, ik S
Eat#d, IEBE DA 4@ sd DA HA M KR F 2HS
D, PO shpy 2R R T2 —— 2 B, H & Dy=ker (A% -
Iy, D_=ker(A* +i), Wil DD (A) LM%, D5 D,
O HMETER D XE, WA D=DED.

6.4.11 HARIERET, ATRBENET, RIEATME
A iy Friedrichs 3 {3k,

6.4.12 BARTERFRAXNKRET, A=-M, W EXH
C\ - M,co) |- dimker(A* - 2D) RAfE,

6.4.13 XKARTLEHERAMNKRET, 2, (A =n_(AD)FHR,
FILAMEE-— QS RB TR,

6.4.15 7T & Hilberi 527 LW {EEMEH & 1, KRik4
FATEHERTA, DA) =DM ASHRATY, ke T»R(T),

EA

T=VA,
SRR B BT RS R, P ER ker A=ker T, JI} Lik5)
A M.

6.4,16 % AR Hilberi £5[7] LR RHRHA T, KIEAR F K
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BT BEEMELR dim ker (A~ 30 4n, =0,

6.4.17 F(R* & Schwartz g ¥ 2 /|, EH %K Juj=
Lq |y %dxF, & (ROHMAR L #E K(RY. &2 =K (R xL?
(RY),#Ea bz LN

(I3 f2>y <915 852) =L3 (v/i - yo, +/:820dx,

£ Hilbert 2 fj L X B R T

g !
A:(ﬁ g),
D(A) = # (R} x Z(RY,
RIE (D ARMNEBET: (2 1A REFH SN,

§5 BHEXFMAZ

_ A—TEAFFALEMER AWM ¢ BB, &

WA+E, BAANM. FrigiizmRERAIERE A K
e H Rt Ll BERHESALE? in, HARFART,
TR BETFBAREA+BRER AR F? BAR AR
T, By, BRI A+BERAMETE? SE£E B,
HARAMAERSL, BEMNKRET, PEMEMHAKMAEARERE
A+BILRERIFHENT AR T AMHE oA, 00 (DEAL
i )E G

BAAahREANEEETHIR RN R A2, FEXN
BERE, BEEMRCAFINDEY &, TET 2T Schro-
dinger B F H
(Hwy (x) = = Au(x) + ¥V () u(x)

oo TR B RO Tizshik&mg, Hrp A & Loplacegf, V(o
ALENOR, KEAEET A= -5, DO =HRHIZR—4E
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BT, Efwmek |AsERT. HT- 8, uVu, %
FER LA, E@ESENE PhER B, BRESE
B2, MifEdEENT, M=A+B FEQ WUERRE T, BF D
o n] Wl AL AR B o, AT Y B % BT
B, T RSHE R, ERTLELANRET. HERETHZE
R R EHE AL E 4B E., X% K Schrédinger
RERETFHEAEN, BEFEAENTEENR&E RV, A= -
A+V BN, Bibg AR TEERE fY, "IRIL
H2 AR, MiffEE HEEEIEZI MWy 7 # Bk &1 Laplace
VTV %& o (A ERiE o... (ADFRBME, mEE FHME
o (HYRl 0oy (H)—fbBE A, FEIL T oD o(A+B)
YFh, Ooe (A5 o0, (A+BYWXARLHLRERRN.
5.1 MREEFH
EMN6.5.1 KAFB E Hilbert {2 LB EET,DA)
EREAEE [, = x| +[Ax], nF
(1) DBy DAY,
2y B, (DAL=, - DRERY, REZARR
.
iF BRAGRMENYEEDEHT:
(2)' a0, b0, EF
[Bx|<<elAx) +blx]), VYxeD(A), (6.5.1)
i ERRI e M THRAHRAB RT ABRA.
@ X BT TH&EME 27,
(2" FHELEF¥Ka, v/, EH :
|Bxl*<Ca’?| Ax|? + b/ |x|?,  V=x&D(A), (6.5.2)
B @ 5. 00, WRERe=a", 658", HF 6.5 1AM
o, B2 6.5, DR L. M THEE >0, RER ¢ = V1 +ea,
b =/1+e1b, (6.5.2)FEhEM. HELE &1 #6.5,2) 8%
AR e WTRRFETBRxFARS.
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B, UBREREFR, X TALEREMN, fEARC

ETEE,5.2 WADLEHFIEBRERT, BRTAFHRE, &
XFAMANTFI, BDA EECATB, 3 TA+BRZFH
R ET LA NS AZTHERNE F. ML ERMNFEESR

D(A+B)y=D4y, o
EH EAERG.3.DPRGESEH <1, T2
(1~ a) | Ax| - b x| (A + Byxj < (1 + a) fAx| + b xf,
(6.5.3,
MFDAYREE F Fl{x,}, A6.5.3m{Ax,} 4t Canchy R &
H i H{(A+B)x,} # Cauchy 71}, ## — &, Hx.,—0, {HH
(6.5.305 Ax, >0 BHEMNSA+B)x,~—>0, B1$ 13, AR H
fb<>A + B a1k,

WATHEIE, MiA+B hariffk, £l cec DAy, TFfEx,
€D (A, x,—~x G Ax, ret. h LB el s (A +Byx, i Wegk,
KxeDAFB , N MDA CDA+B), REWif DA+D
D (4. EHIKIE,

#ig6.5.3 WBXTAFR, RApT1, MA+BEHAER
TRILBEESFERANAET.

fELmERED, BT AMA+B £RIR&EE R AR,
BRI, BTiXA Sk, LEbERIEa] AR T
B &k 2R A,

#iL6.5.4 BEWMEETANT DA =DW) & 7 FiE
N a’ya”,b, MH a’ <1, a”<C1 {E#

JAx - Tx|<a’ |Ax|| + a” | Tx| +b|x}, (6.5.1
VxeDA), MATARALHSHBRMT & i1 16,
2 DM =DA),

W BBE=T-ATA)=A+iB, 0<KA<1, T X
WBE DA, TOY=AT =T, mjH Tx=T(A)x + (1 - A)Bx,
Ax =T(A)x - ABx, Ea:mm:(a’,a”), Wig6.5.4)3%,
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iBx=a’ +a" [T Chyx| +alBx| +bl<f,
4

a’ +a”

b
1Be) <2 Ty + o el

-4

iah=“;+“”, n

bIAT — Al
e

A - A|<1/hpt, TEyEHe,5. 288 TAHEH (L4 H
W2 T O, FETORTHEGN A=0%EH 4~1
A A=1f5EE A=0, UEEE,

M6.5.5 % #=L0,1], Au=u’, DA =C}[0,1], Bu
=u(a), Hac (0, )L —~N2ER L5, DB =0,1], MEX
TAFR, MAEBXRTABDARNO,

[€A? = A Bx| <A ~ AR T (A x| +

4
at+l
'EEE'" L <CxLa,
g{x) =
_ (I_Mx) "t il
“"{,1""_"3)“.‘_: g' TRy §
msD(Z), % o<a<e,
c
h{x) = 1 .
-X
meD(1=3) . Ha<x<l,
i
ulay = (u’,g) + (u,h),
FRLA

tulay (<Pgllu’i + 2] fu]

Y g TR
<(z0h5) 191+ g prluls
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nFEork, |w AR TUALS D, BEELETAENWH B

KFAMH RO,

EM6.5.6 EAMBEHiberni By LAUPRZETF,.DA

LBt = ilx| + | Ax], mE
(1) BD(BYDOD(A),

(2 B, (DA, 0-D—,] - DREM,

Wtk BT AREMN, KBRS RLABNET.
ARET - ERARTARN., AZETHDTHES.
wil6.5.7 BRPRWHAMLAHT, BRAEH, WXHTVe>

0, B& b.>0, Hf

[Bxj<<e|Axf +b. [x}, VxeDA, (6.5.5)
TEBH FARR, BHEL >0, x,€ DA {EE
[Bxy || Z2eu | Axal +n)x,] .
Bl Yo =%/ Bx,],

Eﬂ[yn[i =&y ¥y ” + EOHAynli
L8| Ay, | Fully, <1,

T2 Yo, HEIEDW,[-DFEERAER, & By, T

(#,1 « DPAlE. FLAFEY S5 By, Toaf il P
Fz, BT B2VHM{ERS, dz=0, MX 518y, | =1 F &,
Hif A JRIERA T fin e BESL.

E bbmaT g 0 L e R Bl LAY B A & Rl
LR, 6.5.0 AEXEUUIELL. KA, T v+,
{Ay B, WaFEESEEFA Ay, , WWHEEURR D4,
TR

ran.

MTF AT, h=8. M v, (D), [« [)HEBHAH 0,
i F B A%, B By, ~0, Xx51By. [=1 %R,
126,58 X BEAEMALT, M BEARN 5 LYY
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B A+BER,

iF8R BEAHDA+B =DAYy DAY CDB) ,FLD (A +B)
DB, HAME DA B ATAEM B 8L 4 5h A+B 4
ARl » Uasr S, it b, #UEGEG.5.7, £ 00,

UBxlfQ-é-nAxuwuxn, vre D(A),

EE- T
* [#Daen = %+ [ Ax + Bx]

L+ x| +%—IJAJCII

<mes (2,10 5)0

%#jﬁs Zd>1+0,

duxuap2d|x] + | Ax + Bx]

> @0 x|+ [ Ax]
~, 1
.—-’_'?‘ux[]m’

ALl T« mE:%deI]A.

Bk B ZDA),0 DB, - DHERTS 4 H XA
B @A), L Lan B2, - DHEERET., T8 28FIL.

SSRGS 5. TR, LIRGEPS. 5.2, WMAIEHM TR
EER -
ZIE6.5.9 kARWHLWESF, M BT AR RBIAE
Y BXT A+ 8 RER, W A+ B EqHLR, 3 H2A
A BT, A+B LB T.

5.2 HHHATayite

THEEMNRHERFDNZ., ShiEPESEN TEHR
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FAARAR, EMEEES T AL, BE L “Ah” LaTF AL
BEl.
~ SEIE6.5.10 (Kato-Rellich) & 9 B2 Hilberi 23 5, AR
HHEHET, BEMKRET, BLATALR, LR a<l, WA+
BHEDA) LRAHFEF. BN B ETRARBETH, A+H
EDA) EBAETE.

IR HFEWAEE .0, 8 #2=RA+Brub,

T u>0, ne D(AYH

(AT plu)2=Au|?+ p?lulz,
TR v, HA£u) " A RRH u, /{125
|AA xwly <],

n (ﬂtwh"‘ﬂéi-.

BT
A+B+ipl =TBALiuD P+ TTA +iph,
FUE R(A+B +1pdy = g7, REBIEFHTELE 0,20, #5
[B(A £,y 1| <1,
BABRAAERN, Fe<l, & Ja’, >0, a<<a’ <],
|Bu<La”jAu] +b|lu|, vueD(A),
MTHEE e, BEHAZWH xR LRau, B
FB(A +1pl)=1x|
wa’ JAA LD " x| + b (A +pdy 'xj

<(a’+ 2 )=l

B p REEK, Hifa + §<1, BIR, R B,

#16,5.11 7 L2(R*® k% Schrodinger BT
H=-A+V, (6.5.6)

Hp V=V, +V,w, Vi (x),V, (o) 8RR g 5L, Vi
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LR, Vax)eLl”(RY),

& D(~-A=HX(R", -ARA#ET. XK DV)={uc
LMHIVuc (R}, TEERETV HEaHETF. BHAD
(~MyCD(V), BEIEMHE D (- A E&H 6.

BucCq(RY, W

IVaull gz <<Vl =l L2,
BV il 2V leefuli=e
fHi Schwarz &R,

fluuf.»s.;jlwr) |dE

f(1+ 81918 | 5
<ClQ+|E1H8d l|z.=
LCNal 2+ CIE1RE e,
Hrh 2 (8 Fp v ) Fourier A5 #a
3 F EMERA>0,4 w0 = o 5 ) M2, & = 124D,

lalle = Jule= B R [8adur = 4322z, IS8 [us
=712 *8] 12, BRLL 3
Jul-< CATH| 1€ 2] L2 + CAz )Y L2

Ifl=

=C A bjAu] 2+ CATuf e,
B LK, BEASCHVIL pp
[Vule<IViuf g2 + [V 2
<afAu| 2 +b]ulz,

o spa=C AV <1, b= |V,l=+CAT|V, ] 2,
ERIAZAR FaE—4 v (RO BE, &VET-AR
HRE, MAMANR <1, MK Kato-Rellich g #i4g) Schrédinger
BTfH=-A+V I HU(RY LB R,
#1$5.5.12 )t Hilberi 253, A ZHRAFEE £, B
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RMRE R, TERTARN, HFELEETANSE L, AR
WA TR AR, W HA+B=4+B,

WESE MRIEBTESRM:. Ja’,b' >0, a’<1,

|Be?<Ca”?|Ax|® +6720x(]2, YxcD(A),

FZEMTET A,B, Bk B x TAHR, BET AR,
fERL x €D (A), <x, Ax>e T{A) =T (A), T<x,,Ax, >l (A),
Ky Ax Dowlx, Ax>, TRe{x,} [ Ax, Hit # os Cauchy 5, |-
ERER @ Bx, ) 12 Cauchy 3, BYlA<x,,Bx,>><x,Bx>,
wi xc DB, Wik

D(BYDD (D).
FELERAEND, HAx, B#x, flédnrco, BAGMED
| Bxfi2<la’?) 4x| + b72] <],
Hit BRTHEETFAGR, mE B XTANFE <1, i Kato-
Rellich g ¥l 4 + B & 3 L5+,
A+BEME T A+ BHOA+B L+ 5HALB,

B—H W <x., (A+B) x,>=<x, (A+Bix> € T(A+B)
=I'(A+B) 4 xcDA+B), BA+Bx=(4+B)x, X i H
A+BCA+B, JRGA+B=4A+B, A+B 2EFA 1. &
B ERIE,

Kato-Rellich gPELI Rl 6.5, 129 Afn A+ By #h {y &
AR FREI. PEA L BT, ElmAdmbEiTs
AR A+ B Ry EXHIER, EEa R G.5.4 B IEA
JERT,

I B6.5.13 WAMT R Hilbert 25 fom N3t 8k 37,
DM =D(T)y=D, 3R

T = Ayx|<La’ fAx| +a”|Tx] + blx], vxeD, (6.5.7)
Heha',e”, b BAEMEE, o« <1, a"<<1, A AERRE EHR
EERMERETEBRAMY, b DD =D(T). Bl AhT ARG
Wy SmE ST 2aEa.
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Kato-Rellich sz f, SR HESCAR B 6.5, 13 i Aot B
AT B AAERM SN, A0 IR KR EE T X A i,
HHBX— R, XMHNAEY 1, BERAERAR, BB
FIRBEIHGE G i B R R —F, RMHRMES.

ETEE.5.14 ikae g Hilbert 250, A Lo LWEPE BT,
BR¥ LHHMHRAET, EBXRTARFIN, BXTARRe=1,
M A+B DA EFHRA L.

IEEA ATIEMI A+B EARB AN, #HiBfite.2.5, H
BEHERH ker ((A+B)* +10) = {6} RGBT .

BB (A+B)*—ihh=p, T k=19,

HWABRTAFR, H{MFa=1. T8 — 4 t<1.
EBXTFAFR, mbXFAHRE =t, fH Kato—Rellich #H A +
tB e D(A) LA MR . HRA B+l =7, % x, e D(A),
HEHA+tB+1Dx,=h, FE

Fof? =[x+ § (A + tByx, |3,
133
fxcf<<|il, [A+B)xf<]A].
RTyo=h-0@-1Bx, T
W, By = ((A+B+Hx, b)) =0,
1T
fBul < Au| + cful, Vuc D(A), (6.5.8)
= JAx <} (A+iB)x;| + |tBx,|
<A+ B x| + e Ax, || +eels],

(1-D | Ax, I <[ (A +eBY x| +iclx,|
< i +te|k)
<A ro) k.
6,58,

(1= Bx (1= 0| A% | + (1 -t e]x]
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<<(I +2¢) |h],
iy yfhES, EPRR
1y ]<<(2 +2e) k).
T, YyueDA,
o Wm(y,—h,u) =lim(1-2) (x,,Bu) =0, |

= A |

B0 ~BA R, dRA h-w—timy,, B
th,hy =lim(y,, /) =0,

L1

MfBE k=0, BFLL ker((A+B)y*—-il) = {8}, [RIERTIE ker ((A +
By* vy = {8}, wHIIKIE.

#i86.5.15 it Hilbert 3f7], AR # LAERAFETF,
BR» FHMNBETF. BEBXTARARDN, BXTFAHR
=1, WL A+BEDA LXREA 4,

iFRl FEAET ARB, ARAMNET, BRYKBET.
RIS 6.5, 12091 BRT ARERMN, BETARRNET
BXFAMR, b1, TR LAzHED A+B 2R A N,

HI4E186.5, 1I209iF W&t A+ B A+ B, GE#E #i86.5.12
dERA B & 2% R IEFR M BR o<1 XA-&:, HFUAH RIS
MOmMFA+B EMMRET, A+BAKHMNE, &A+BRLAME
B, IXRRIFBIT A+D 24 R A . #IHBiE.

CREHRNAREFE TR TEEROBEETHERRT -4
EEMREYMMRAKN, REREEREH. REBIR, F
mTFHEA,

®£16.5.16 EAEAMRET, THN. RBEMNKFET,
¥TARERE, XTFABR<1, WA+BRAXREF, BLAT
HRM. BABWTR M, A+BRTRM, .5, HEH,LER
0<<a<(1,b>0, |

[Bx|<al[Az| +b[xf, Vre&D(A), (6,5.9)-
]
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1

b .
MyonzM - max( ) o, bealMal). (85,100

1-a ,

B | Kato-Rellich sgBREL g A +8 & A #1645, HRATIEH
A+BTFEGR,

Ba—BRETTAHTLEER LR Me2e IEo L5
FHR(-o,0)Cp (D), WM TFER A<e, #FTRET R,
(MYERF IR, MM, -7, XBAF TR, (T)=AR(T) -
I, TR,AOBRAERY, mA

§TR, (D)) fi;.c ggywl Cieg—-

max (1, | M| (M- 2", (6,5.1D

' b
WX ELERRP A HEET A bk, {ER o<M, - max{7-—,

b+aBa] g, s BUEM (- 00,00 CR(A+B),
TR A<le, HRFXG.5.0F
1BR, (A) [[<Caf AR, (A || +b]R, (A}
Somax (] 4M (M- +bM, -
<amax(1, | Mg (M,—e) Yy +bo(Mj—-¢)t
<1, (6.5,12)
R A~ (A+BY= (- BR, (AN (A - A, A FEIEEH M,
Fibha A<<e B (AL — (A +B) Y548, ¥ AEp(A+DB) jiEkE,
Rato-Rellich i g -~ a0 SE 3 8w
SEZN. WARTEEFRAMANEE T, HEL,OEEHEN
BT (Ax, )N, REBHMNT AL —=FR, NMRGE—
PFEEREGBEFC, 5 A+B A gA—TET &R,
TRELE ZAHR B FTENM S4H B, Haxil, Fab
Kato-Lax-Milgram-Melson 7 M,
EFR6.5.17 (KL¥N ®IE)  fE--4 libent 25 # k, #A
ETHRBEHETF, BEMMNBRET, BEadid
(i) Dy Sh(A
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12y B, ) <ZatAu,) +6llul, vue DAy, (6.5.13)
Yo n<ta<ll, re R, WLLETERE—H9 T EEST FC, 13 C whp
=AU VERE K (a2, V), Hh V=D ) DO,

a(u,v) = (Cu,vy, vucD(C), vel, (6.5.14)
a(u = ((A+B)u,v), vyucD(A), v&V, (6.5, 15)
< C> 0.
HEBR S| AJGHEDL 2R MR TE =X
ap(u, vy = (Au,v) + (Bu,v) + (1 +5 (u,v), (6,5.16)
Hepu,r€ DAY, HEHEWD, @, a e, iEgEiikhV
= DAY Eg—A-IH RN, HA
[ef?+ (1~ a)|A'Fe]?
=a,(v,v)
S A+2D) ]2+ (1 +a) AL *ﬂﬂz
X R = a, (v, )25 AV RS, Hika,, V) B—AH
. WRIEEIH6.4.20, FEM—AERTC,, H5
(Cou,v) =a, (u,v), VucD@G), veV, B.5.17)
B C=C,— (1 +b 7B EkiE,

HF C. =1, BrEL Cz=b, iFEe.

5.3 BHAFHBLAND THER

HEERETHEMIRE, EREEFEA AR DHR? X2
—AE A& AT R R AN R SR TR B
.

iR Hilbert |, AZ# EAAMTET, BR>y LA
WREF. RBRTAFR, BXTABMARNT L. TEFAEER
a,b, 0<<a<<l, b>0, (F{}

o 1BxI<af Ax] +bfx]|, Yx&D(A),  (6.5.18)
B Kato-Rellich g8, A+B BHMEE T, B

fEB A€ 04 (A) i dim ker(Agl -~ Ay =m, Ff1HEXEAL

Bmtiahla, AiE v,
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BT AR, F#TEr>0, TAj—r,A+r]No(A) = {A}.
& D=z Cllz— 2yl <tr/2}, '=dD_ W TTpe(A),
65,18 FUIEE (6.5, 18) M i Ec s a, 6 LA AJED r i
2T FLN
9a (| Ay[ +71) + 207, €6.5.19)

Mz A+B (1, = oy ho o+ RIRE mA- R R EEA S

HEHTENSEO HHLERHEnEA.

EBRENHEAFRG.5. 1DMIMENLET, ABMyr i
SEMRIEHARTEL, BANRAE, B E RO
SRAE., MR A+BRXmA SR —4NE, BIAFREIE
oEMIRETETRE., BREATEREANREARZRETD
F ., BTHEYPHEEINS,

SERMGER HFsclo,l], &

T,=A+sB, (6.5.20)

2R T, =A, T =A+B, {H] Kato-Rellich 2@ T, L HHE
T, BT EN(C,2,E O ke RGHE (RY
=1, & idAM® K B(C,F,E), 4% E =E1, T
ker(A,f = Ay = E1 (D) 5,

BT EICHARE * (D) 7 & — 48, FRdin ' (D) &
=dim E"° (D)% =m, KWW T, =A+BEDRIFF Hm 4 X

B MTA+BZH E BT, (-G, A iR

HA+BymA SigHFAEE KBRS,
(i)Y "oy,
viel, BRA

[Re (A= .S:HP‘|§-M'1=2/f. (6.5 21
B AR (A) =Ry (A) — 1, [TV Ag] +1/2,
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. D) L2+ A
JAR, (Ay | j + S8l 2O i)

Ssl e T L 48,580

]

al{r + | Ay} + 20
ff:‘g‘("' | n_|_)___.______' {6.5.25)

r

thEL & 6.5.10)y, h<C)l, L H1(6.5,18),
jsBx|<lsallAx] + sbjjx],

93
|sBR; (A)|<sa) AR, (A) ] + sbI R (A) |
_gsa(r+ |Agl) 256
E —_— e T e _I_. —
r T
=sh ], (6.5.24)
HT

(1T, = () - sBR.(A)) (L1~ A),

EAF D RWNATHAEBEE, Bk
I-T) ' =R (AU -sBR (A "€ z({H).
Bl lep (T, i FceTy,

B Abh %38 B
(£, THIHIR A/ (1~ |sBR, (A
2 2
%—(1—"_—3— *’:Z';.Tl' iy (6.5.,25)

TAR (T ) <) AR (Ay ||/ (1 - [sBR, (A )

20+ 141>
STa-b e (6.5.26)

(D WHBBETF E D) ET s Bk,
s, tefo,1l, Ll
R; ('1‘5) - R‘; (’!‘ﬂ) = (S - t)R; (?1:;]3}2; (T-!) -
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A AN 6.5.10), PLEA%X(6,5.25,(6.5.26) #i3
IER AT KafAR (T + bR, (Ty) ]

2a(r+ [Ap]) +2b
g ?‘(’] . h) - (6.5.27)

I FYe=0, RB|i-s|<er?(1-)2/ 4 +ar+alr )],
wmA
IR, (T} ~ R (T} || <<e,
XMW ARTREY R, TOXRT « —~BESE  MEESEX
Fiel -3, BT

E™ (D) =2im55 R (T)dL, (6.5.28)
R
JET (D) - " (D)<, (8.5.20)

Hik E™ (D) %F s Tk sgm.
(3) dim E"* (D) s B8 5.
HRE TR IR HEIE6.5, 20018, EIRIE.
51726.5.19 i% P,Q & Hilbert &ifalz LEABRRERT, 1P
- Qf=<C1,B dim P =dim Qg°, dim(J- Py =dim(/ - Q) #~,
iF8 WMATEEL T EET U ERQ=UPU', FRII,
Pw—Qu, U™, Q—-Px HHUR P73 QxS RA,
Frbh dim P72 =dim Q7 , F#F dim{f - P) g =dim{{ - Q) &,
ic
R=(P-O)=P+Q+PO-QP, (6.5.3M
MR EPFOQAEH., 4
U'=QP+d-Qd-Py, V' =PQ+{I-P)yd-0,
(6.5.31)
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U'V/=V/U’ =1~ R,
3R

u*, P—Qwx, U’y (-Pro—d-0)%;

VY Qw—>Par, V', U-Qyz-—d-Prz,
BR|EM&EHEL - Ql<L, Ta(R|<1, FAA-RTHFELEHL
ek g

1
T:Z( 2)(—!2)" (6.5.32)
W ={)
n
gt ede, T:=Q-R7, AT RS P,Qa%#, HELTHU/,
V' hwRk. kg4 -
uv=U'T=T0’, (6.5.33)
V=V/T=TV’, o (6.5.34)

MUV =VU=1I, V=U",
B (8.5.31) HU'P=QP=QU’", QV/' =PO=V'Q, BT LL
UP=0U, PV=VQ, HIQ=UPU-, P=U~1QU, J|M{AIE.
Hi$6.5.20 ®sclo0,1], Porg&x LMSREE T, EP ()
¥ s —FEHE WPOF XT A HsHMiEH, ¥l
dimR (P (s) ) R 5.
E£186.5.21(Weyh A B Hilbert 53fal LI HEHET,
B bMHRET, EBEARMET, W
Togs (A+B) =0y, (A), (6.5.35)
g, FETHAS[HE,
51186.5.22 AR LE—THEET MAHT A€ 0 a4
BN HELEF R e DAY, Jx,l=1, n=1,2,r 52
w~—limx, =0, {(6.5,36)

" —ou

lim(A,] ~ A)x, =4, (6.5.37)

N

iiEﬂH 'I;&%"Iia ii"ihoeaeu (A).
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(1) AgReco TSI . WIBL(x, ) 2 ker (Aol ~ A) FRrffy#iiifk
IEAE B HE AT,

(2) & A BIEMBR. A €ay n=],2,. L, HEFH
fml, MBAETF in, A >in UTETEE.>-0, &, i FFEHE TO,
ER L=l Ayt ] A E AR MEZHEK . 3% Bx,€
REUG)) fixall =1, Hr E 2 AMGIE. T2

(Xp s X} = P sms

lim (A, - A)x, =8,

Y #, 25|(x,x) |P<<)x|®, #FE(x, %00, ﬂﬂf%w—lj;mwru
=8,

A, RELE DA DPFER{x,), [l =1, #HE(6.5,36
56.5. 3D XARN.H6.5.30DRM A €0 (A) . F A€o (A),
R Ao fRoL i, MiH AR EfREE. TR & &£r>0, [N
a(Ar = {A}, Kl = Ay~ 7.4+ 1), 1R B HE x, = X, + X,
{#7 x, cker(d,f - Ay, x|¢ (ker(Agl -~ A+, HT

[ (Aol = Ayxa| = [ (Al — Ay xT]

=([ 14— AlrarE,xzyz )"

) 172
S ULEEIE ALY

e L
FrUL lim x7 =6, RMOm w - lim ¥, =0, i Fker{AJd-A)RFHE
Faiil, BHE 341 vh Bl i S s i, Bik tim =,
=0, MBBEE Inx, =% XY |)=1 7. FEF Bt

- T=-1

BT 7S 0ore (A). Z|EEFKIL.
SE ek AIF, ATLAR
sn€ R(EWU)), I=[hy=1,A+1],
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Weyl R ¥{FH

FAE usa (AT (A+B),

BE A€ Cens (A, B ERSM, HAE ,EREUY, Hep /=
(Ao 1,40+ 1], [%5f=1, w—limx, =6, lim(i, - A)x, =6, i

Axg, =Agx, = (A~ A)yx,,
w—lim Ax =0,

LA L Hilbert Srja] (D (A) (o[ {x,} Mk 6, MABRA
BEET, & B fE@. D s 0, TR G- (A
+Byyx, -0, FRABIE 6.5,22, BB Ay€0. (A+B), Al
Toss (AY 0, (A+B),

Wi H6.5.9, BE&E A+B RN L -BH& A+BEga,
LR IER A

Toyo (A+BYTOy, (A+B-B)=0,,., (4),

7 BLE,

= ]

6.5.1 WARAMET, BAUHET, EIRTAHR,
I B 3% F AR SR

a=lim|B(A+in)|,
6.5.2 RARBERAETF, BET WL ET, H#DWC
DB it BT AR,
6.5.3 1tA,B & Hilber S5/ 1Y Bz BT, B%TAF
F, IRFEAEY
[Bx]<alAx] +bfx], Yxe D4,
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@ BCREEMAARET, HHRRC,MCRA+D
R, THRXR<,.

6.5.4 Mok Hilbert 23jn), A & LREFRE T, HER

FTBRTARR, WL
{Bx<alAx]+bix]|,
XA pA), HE
allAR, (A) || + bR, (AY) <1,

K R, (A =(AU-A"RABTHRAT. RIEA+B ZAAT,
AEp(A+B), #H

jR,(A+BYI<CIR, (A1 (1 —alAR (A} -8R, (A,
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(2) YACo(A)y, BT - Ay RIEET.
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(2)" FF{E A p(A), R BAI-A ' REHT.
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R, (T =D h—A"R, (Th"*, (6.6.3)
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(5) R =niR(TY™™, n=1,2,8,0. (6.6.0)
i H.
IR, (TO]=1/dist(A.0(T)), (6.6.5)
Rid R, (MW @hr, B2EH
r=1/dist(A,,0(7) ), (6.6.6)

EMB.6.1 B{A.),A R Hibenn 53fd 2 LB RE £,
B3t F g~ ACC, Imdz£0, R(A)=5- limR, (A) ,JAFR Ax

L R

ERBBEL T A, 18 As>AG.RYEFILIES. R.3-
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R, (A) = D> (hg— MR, (ANFH, (6.6.7
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BEral, et hE RS R B P, FHSE M
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ﬁEfk:ﬁ%‘ﬁT ' REFRT, 33
3 A-T P =p-T!

E?LJ.AH’J’E}LH AWERETLR.
R ARREMBRS, LEA

146



RAL)y =R(-T;H =z,

MIEEHe. 2.4, THMARSHET, T, =R, A, FLi
S.R.5-limA_=A,

BRI,

EIEC.6.6 B FMAHERET A, A,

i f R L&ESEEE, f(£x) =0, ENR.S~1linA,
=A, WHf (A - fCA =0;

2) RMTER' LEFEZBRE, Fes.rs-limA, =4, I

s — limf ':An) = f(A),

EH W 4
C.RY ={fFE R k&L, f(F+o0) =0}, (6.6.18)
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ﬁlimEtu. b) (An}x :E.n,b.- (A)x, ;LL—':F' E.Iq, 8} RA-H_)I-:). .R E+a. b (A)
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a+h b—

iAo === -0, MRS MEBRE @, No W) = 2%

fir 1+
IR, (AI<v2/ (-, (6.6.20)
B s - lim(Af — A7 = (Af - AV, i
(A = A7 Llim (A0 - A<V 2 /(b - a),
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A,—> AR . R.8)y<e=A_ - -'.-"--a-A.
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-}, ﬁt—rﬂ—{-.

XU xe D(By, Wil Bx= - Ax, #f

. | - A, 8B,
%_"ﬁﬁs EI
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ERARERAR G 5 vigBHL
G:oBABSHMERERE, EER" LRSS, H

174

[ — L



r
J Giodx =1, (7.2.9
R

B (7.2. DR T, ) ZUARBBEIRSEMHRIET.
HATE LRI (T >0} RRER A AT L. € BK
p b R S
BEREELRRM, XeHb, WTFVucs,

ITowul| Gox-dylul = Jul, %e>00,

XBHEETT,WORL ELAREF.
EFEEER B T i Fourier TR MHERA BT, 12
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. e—w:l-ﬂ""_l2 .
-5 e (Fw) ),

TR |
lim _.[ (Tg ey u) (x) —ulx)]

s-*D‘I-

=F N (-4n|f|* (ﬁ'un(n
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# 2 =Co(R™ I, Bilk
F (R CTD(AY,
Agu=Au, Huz #(R™, .

(i) E—BiHe, MIICELFH A &£ & (R™) iy R &2
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<u, up = [ufxy) 2= [uf?,
B3 | ) |

L Pl M B A TE B e A L EPEE— A e B oLACE WD 1




ful<fu*l.
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u,=A-M"tw,, HTA-NCED FPERE F, u—~u€ D,
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(i) EJFiE H A,= B, R a, Aa' = B
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AED FRAIRG M, |

TEENSHRTEEERER -,

EIR7,2,8 2R Banach 2], (T(t),¢220}2 1R 3% ik
MR, AREMERT. KDE—ARE, DCDW, R
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PO Qi) Y HAEIYE,

B4 B QCRT BR—DERELR 0Q E RIFX .
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RARFU: BT Vi,
- I -
I - M=t
i ucC;(Q), 4 v ¥ Dirichlet Ju] 5
A-Lyv=u, fF 4 L,
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-0 (p)Y <0, M\ Lv(pd<0, T&

Av(pysSupd<juf,
(7.2 3203k, 5 E—ABF—8, R&HK((T.2.3228WHK
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XA
Ucx,0) = (ToHu) (x), (7.2.36)
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AN E T LR, BHAERIKAB. 4 4= -8, I
AR f<>D= - DB*,
SR A TR E X
Bx=Hm ¢ ¢(F, @) -Dx

=0+

= lim )it (=0~ D)x

10+

= — lim Uy U*@) -Nx

t~0+

. = — B¥x,
e B=-B* WUARBHETF. BT B=1A, KL,
XA EE YNSRI, RAR—FTHEETF, EfFiEY

f%
A= :AdE, (7.3.4
%
U(t){:e*'*db}, e RY, (7.3.5)
Tl RERT R
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UL =U(-t=U@w,
HHARBIEU®, te R HMIRF L—41BESHET B, W
HEmER TR 1A,

MEREE, BREERERESFEE THOFR T,
EIR7.3.5(5tone) HTHIHER T B2 Hilbert 515 2 |
~ARERREZFETH{UGOD, teROIES PERT, 45
MANAGFEBHEETA, 8 B=iA, it
U(t) = exp(itA) (7.3.8)
NERARBR{E, ~ o<i<oo} T

U =J'+me‘ 1AdE,, (7.3.7)

YERARC.I.OBT 3. DR, "OHALHETFALR
MEZHETHRUWBItcR],

3,2 Stone X ey LA

1, Bochner g

EE7.3.6 (Bochner) LTHE®SE R f(1), -0t
+o0, FHOERAR

() =f°°emdum, (7.3.8)

-—

H vy BIedfy, HRAE%F%, LA BRATOREE
¥, B THEAFERENESER H o,

[ F(t-5)o(t)yos)deds>0, 7.3.9)

SEOAMEONE § 4 it ieffgHamburger 1AM (7.3.8) K
e 2. Bochoer rRRIGIER BB 5 5 6.4 18 By IEBASATH.

JEB EHEs#ERT.3.8) , HERIETHBAEFR(G.3.9,
FRLAEMRL., BIFTEsE. MEE SO MBERER (7.3.9,
EiEH O M ERT.S. K. Ak, #ESH
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j Ii- .1'4;\" L i“_'-’;k'

L=lxay, RV >0 .
i : YOy = j

(7.3.10)
FeE B ik SEEBE L FimiE, hE
EEENTE Z‘. Sl syxi) yis) (7.3.11)
Yx(),y(=y& L, H+f nE_—[E_ﬂiEﬁ =]
ELtalkﬁfﬁ#% Ur:
= W.x) ) =xt~1), (7.3.12)
5N B W,
- ’ (Urxybityjz(xryjp
v, b, =, ,,
U(:I:‘{v

R LARNEER, s
N={xe Lj(x,x) =0},
fEf=mL/ N, TRL/N BRBEHE BRI
([x1,[o3) = (2,9, (7.3.13)

HKeh[x],[vloilFErm x, y M P ORE, dasn kA2
A EYRERAC,N =0, Vvxel, yeN, B & 2apss
&I A, Tk H— A Hilbert 53 [i],

EAUNCN, BfAHM U, A4S HE 2 | L/N FE T
Uss

U.[x=[U,x], vxel te R, (7.3.14)

U TLVESRERBEN & L, (HERU.. AU, (R0 .
re R\ E#F LBEETHE.
HEH{U . re R\EBIESR, MEEW L,
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10, Lx1~0. (]I
=W, - U, 3]

= U, . w-x?
= QIIIHE—zRE(UI .,1_.,2|1-',1')

=2 Re(|x|? - (U“.I_,?,x,x))

=2 Re(Zf(t—s)x(tﬁ?s“)
- > fe-x (- lrl-fgl)?(_s?)

= 2Re{z[f(z—sj—f(t—s+]t,-—1:2|)jx(t)mi},
Hf ﬂ@i’fﬁ’éﬁiﬁ-?ﬁﬂé‘:&lfu—*le—'ﬂ it
lim|g., [¥]-0, [¥1]°=0.
FRA0. €R'HORP L HEET R,
4 Stone EBE, FERE{L,;: - oA}, ‘
t?f,=J.i:e*”dE4. | (7.3.15)
e3P
(7.3.16)

mll xueL- U:B H‘f (o) = (fo[)!xﬂj = (EfoD:lsExﬂj) = (H-:Cxojt
[xo1), RNR

FO = @R (781D

.J'-—

E PR ERUIE.
2. Schrodinger 5 L) iR
B R4 B Schridinger J5 7
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iha—a{w(x,c) = Hy(x,1), (7.3.18)

e H B.Hamilton ;rri—]n_l;i.a +V(x), h =§ki’ h 2 Plank %

B, TG0 REEN, 1600 PIHBBEL L, AHA L, B
FHRAER « 0 LRBRE. RTHEE, # T E & Borel gEC
R, BUsy| 19 o0 |MdxdomiEntal ¢ T HEA BOAR E DL,

w50 ,1v0e,0 12r=1, MBEBRE 1.

~Sehridinger J7 Ay IR RA AT AR A v (x.00 5 ¢
RS AT 4
Uty ¢v(x,00 1—>¥(x,D), (7.3.19

FRU 0 ARSI L~ 8, HELRER
Ut+s)y=UEUE),

XARDEREEE—B, 5 UORFES, F{Uw; -o
<t +oo} Re—KABBETE, HHBERTLLERU () AT M
W, TR HStone g8, HURLHEET, HEH

0(x,0) =U ¢ (x,0) =e 5T (x,00, (7.3,20)
Stone jEFAAIH & i Schrodinger 35 B 8, i H. i Wiz
Hamilton 3 F-H B2 BB T. £ 5 BO.3. 19 d - - A+
V) REBRATEDS, FRAFGGER %K . Stone iR H
T —--'g'—ﬁ +V BRI XA BREE B KRR T R

i fE .

3. i (Ergedic) g &l

SEERNBH DERY, TERBRRTBRENET,.
?Eil‘ﬁlﬂiR""FH‘Jﬁ x=(q1:q2:'"9qni pupzr"'spu)ﬁéfﬁﬁ: ﬁ[i:'
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GRAL AL, PR, HAZE LS B Hamiton Jj
e

aH
. ‘ji=a » :
f- o - (7.3,21)
. 2 :
Ps= — 1=1,2,%0,mn,

3g;

HhH=Hq, R RX D% ELGER, KRAYHamilton g, WK
2% 5 & HHamilon B2 XA FBHAM—AB—Bsr, BiviF
B8, TEAMIZER]_ERY S REBE—~A %R B B35, HE Hamilon
R H@,n) & 2 kA, HARREN S RRE SRS, I
LA ERSFEAEERR, XM TRAGERER, KRR
EHRAGRE T AW O BEETHRT., BHE) =c, 2
Z.=H ' (e)CR*", W#TE—4 t€R,

Iy, Z,—>Z.. (7.3,22)
FE{ s teR B2 J:El’]-*""ﬁﬁ'&ﬁ,
rire=r,,,. (7.3.23)

e E R b, Liouville g M gisr, A
Iy ZR*”*~— R PH—1-HFuE#.
iER DER>H—APEWE,SD. =T (D), Kmes(Dy)
FTAEAD HyLebesgue By, Wi

[ 59
mes(pg=j deta::;xdx. (7.3.24)

Do

Fix=x@WWHRFEH (7.3.2D, BIHR
&) =gradH(x(D))+J, x()=x, (7,825

_(aH aH  aH aH  aH
et grad = (25,2 S5 )

J=_(_? ;)“m. | (7.8.26)
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Wx-—=0ff, x() =x+tgrad H(x)«J +O¢%), Hik

ol x agrad H.}
—_— __=I-|- — - O tﬂ
ox ¢ ox +0a0,

HTFHTFEBER A, dad+tAd) =1+ttr A+0¢H, LR
tr%(gradHJ)=0, 4

ol ,x
Ix

det

=1+ 02, Z§i-+0it.

RA(7.3.20), St=0HF

mes D, = (1 +0%)dx,

Py

HFe At 51T LUEE D, L b iR AT AR B 2, R =0,
MinH

a _
E{mBSDth—:ﬁ:O-

Agmes D, = const, FRELiouvillezz # i 37,
BaXERERE ., £2. LSIAME

d& :
da“ﬂgrad A g (7.3.27)

HehdS R 2" |k Lebesgue il i 7E A8 8 M 2. & 52 H Y b 7 300 B2
g Liouville g iy fdo &2, BT RHED, H— A BAE,
BV ACZ,, a(A) =0 A),

g LP (X, do), (EXAZEREINAT B — ARFR
F: Yiel*(Z,,do)

WwhH @ =fTw, € (7.8.28)
WA, LA
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[ If(f}xnizdaax)=:JH ) Mo (x), (7.3,29)

+ F .

XFRUG ZZEEREN., VR EESBHE:, SR
Ui+ =UwU sy, yt,seRY, (7.3.30)

AU @ BE R, IREAN U W; —o <o} L2, do)
E—TBE TR, XAOEFDESmT IR,

b EREF LA R BB LREETERE.
EXABIET, ATHE—AKGEADER, SEETRE
AR, RERALE P HTY, A

j f(Fx)de,

Bi54& T-»co, uﬁﬂ&ﬁ%Tﬁﬁ%ﬁﬁEﬁmz’ﬁﬂfﬁ TRABRE
X R B AEG? EHAE&STHEE? DEBEREFAABLTH
7

MG MERTRA7.3.25 AN, LRERRALRRD
3

1111‘1— U(t) fdt .,

T'-*W

| fiStoneZ B, W17 UERA T FUSE£158 7 (mean ergodic) g,

SE77,3.7(Von Neumann) iZ{U{); 1€ R'} & Hilbert %%
B L—ARSRRES B H T8, & &= {vew|Ve,
Umy=y}, #FRFHTEE, CPRFIX HER, WTH
BREFE 4

;IMT U(ﬂxdt Px, ¥Yxc#. (7,3.3D)

iEBB g Stone MW, HAIH
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U@ = r“e'“«dE,.,

Het{E,y AcRERBEHRETERUW, teRMAMTHIE B,
SINEE

sy A=
E(.&,):{I 0,
0, A0,
By
e.i?.?__l
L.[ et srdt = AT ° AF0,
o
i, A=0,
Bl

Iim%_Eei‘“dz=e(i).

bt

fFubinig 78, [LR Lebesgueiss il £f 5 ¥
=Ii:i%_ﬁei*sd:-e(A) izdﬂE,_xﬂ‘

—+{, 4 T—oo,

Hp—

ﬁ‘.
_ o
limo{ Utyxdt=E , »,
WIEE o, =P, REFAENEREER. A

D e
U(ﬁ)E{ux:J. e ' }EE 5, x=E |, %,

——

W E . x€ oo XUH RE o) CR(P), B—KH, HTER
ye &,
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Ei¥ "llm“%?[ Uqt)ydt=y,

WeBye E ., BRPYCTRE ). TRE , =P,&(7.3.3D
k.

RENIERTSNTOTHER. 0 2RSEWMEEETF
FERY A R TCR ST, MBI FEZRMARTHERER T4
M AHaE.

f#Von Newmavx @B MIFIBImAT TN P RS, &

#ig7.3.8 & {ly —oo<t<loo} g f Hamilton 55 12 #
7.8 2D Frk et R E L. BRFFAE o iES, WA T
HERfe li(Z do)y, TRIMBEL LT HE,

T
iml| f(redr=Fo, (7.3.32)
(]

i EL AR 2 A B
Jﬁlz Fordo () =L Feodox.,  (7.3.3%)
i el mEEFER MUG, —coi<ol i

REETNEET B, e, i3, (U@ —co<i<oo}bl
g . B

1 (7 =1 |
[ tama= [ wonmae,

b Von Neumann @A E[(7.3.32)5%, Hk RE{EH(7.3.33)
£, BIRG.3IDRE I LCHdBLTRE. AT o@a<
+ ':o,B‘iu('r.s.sz)sa"ﬂEEL’(Ee,da)ﬁxﬂlaﬁiz‘z. F &2 i Fubini
EH,

f _f(x)dd(x)—hm T-J F(lxydtdo (x)
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= lim- -cil Fel xydoex:
TI-«—'_'LT‘, J ff( F At (

=L_ fexydo(x)y,

R,

:%%TJ:JJB"IJI'E LA doy g LVE, day B T, U e?
mifgEBy, 2T & Fooitt, FAPFHEE, S By eiiin R
LR sbo BT IR . XA

HIR7.3.9(Birkhof! NENGEETEM  &i7,. .c:os‘:"t{oo}
Ao Hamiblon 5§44 (7,3 .20 e @ G EE BRI S 005 i o
A EnsE, NAFEE o Lo, doy(p=1,2), ik

hm—--‘ fo xyki=§(xy, a-a. e (7.3.34)
ﬁ:*l'T'?l‘iLTc?:‘E AHER I B R R BN S, X A AR T
AN T, GMEREE T 20 B Grfe cixsi o g2,

i t;'u:rnf'eld, Fominflsinu i “krgocic Tihcory” | Springer-
Yerlag (1430,

EX7.3.10 MH=E (2, doy LREAE e {0 - co<iC
+ 00 FRR AR I I (ergodic), QB THERR J€ L7 (2, ,du) (p=
1,2), Hift

‘_"’A"l'ﬂ{ﬁ@g{-
Wie7.3.17 #H{lyy —oco<t<<co} RUEH, MI FVfe
Lt(X, doy(p=1,2), '

_,. ;ggTJ fTwdi= sl fmdow.

(7.3.35)
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ARERTREE B LR, FrEIH (7.3,33) &

Fo(Z =L flxydo(x),

FREH7.3.35K.

WIBFIDEHE i (7.3.3D 7 L2 (2., doy g LY(Z.,da) & X
PREAE, WARBANS TR (7.3, 35 )L ibibe MIERXLTF
REAE. (7.3.35)3CAG M PE 8 SO e 8 B M (R IR T 4 2R B R i ] o
B% THZRFH JLRLGE CFHESD.

TR X EETH

ER7.3.12 {(I'yy -—co<t<<co}ReBITMBE £ 5 KR
MBI AR EENFAY, B D E=E, MEo(E) =0HE
g(E) =1,

A (I -oco<li<oo} &l I By<= ¥ fe L3 Z,,do),

Ewo [ =U(2]f;)_[r foydo(x)y; R

NE=E<>U®) =y VEIER!
{::-‘."E vy Xg = XEQ
He xe (AT IR EdnRtkm i,
c(E)

et Bf=xg W IE':E{MX!::G(EE)

BER Ok, EIfBo(E) =0k E o) =0, |
ok, IERE ), M) =fx%F FYiteR? B
M. YaeRY, &

EHAEE, A

F,={xcZ,|f(%)<a), (7.3.36)

TR F,=Fa, R o) =0kH 1, B f LA —EEER

. BTy ~co<t<oo} g, ®EIKIE.
XEBEMNES T e R BRBEENERS. EAFE—

TEREMTRTFEE, SRR R EFE, Haig e i
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BENLT, Mo HREBAZ AR EEs, LIRAE
Badxc ZME, Tl BibdMEE - HERZ., XBELH
H%E “HREBEZ” SR ERE X,

3.3 Trotter #£ A X,

£ 512 (RY & g b T-ySchrddinger 1572

L P(E,E) . m
lh—-—é—s-’i-—-— 5 Agix,t), (7,8.87)

H, = —J;izs, EESEHI (RS LR AEET. & Stone £,
3k iR WBE I ] 1 R '

¥

B8 =e i y(x,0),
REZEEMHIERBEH AN T, AEKSchrodingerF B

ihw (x,8) _
ai

- %ﬁw(x,t) +V 9,8, (7,3.38)

&H, =VHLARY FRRETF , {052 L DUH)) = {ue LI(RD |Vu
CLNRHIEH, £ HEET. TR BESER e te
R}, FREMSV FARKTHRRBTH=H,+H, XTE
e T e V(B BI6 .5 1L R, 7R LR (RY)

F, HOEAART. ARBTEM R FHkEschE RS
BT R{e-is |te ROMEBEDE AT

Yix, ) =en P x,0). (7.8.39)
HRO I TMHEITESE LSRN, R (7.3.38 08

RAREE BRA . RREAEE F eV e B
FRATHIE (7.3.30 @ Ao N, HAMERL A ERY
ﬁﬂi{ exp (- i Eff';)! te Rl}gj{ exp (—; f_"%z)'l:e R! }ﬂe:{gﬁj
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BAHf oxp (- ) R L BAHTREUR X £,

exr( i 2o +H‘¢)T%ew( -1 Eh— )5“?( ~!—~f« Y FREL AR

HBflZRlmhR RamFAE?

BRIMEEFREZNMEY., EHSERTRERRSR. '
AR B RAER, RBERREHERE 4"t o' M ef? KK
. RIMAOTHRELA. |
5[E7.3.15(Lie ¢ HARX) LAMBZHBE=N LA

%, Ui
eA+E =1im(ef'e'§)‘. (7.3.40)

- .

. A+B 4 8
'I.qu Tﬂ‘gﬂ.ze " ’ T = 6"
Sr~Ti=80 -8t _ + 81T, - 81-T2
+8EET? e S T 4 S T T

a—1
= ESi(s,;—T,JT:-l-J.

+ 1814

EM = max([Sol, [To]), BM<e ™ . F£
1S3 =Ti|<nM = |8, =T,
<nfS, - Tyjel4f 12y

Bl 25H F oM
ﬂ‘sﬂ - Tnﬂ

[x=J

NG
) E }"z_(g’) j
=C/n,
i CUmTIAIFTIB. Bl
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Hm§y-Tii=0,

SR,

T 7543 4k Hilbery 253, L &b SIS #EREHET
-Hi}.lgi

SEIR7.3, 14 (Trotter /LX) R A B Z Hilbert 52 A 4
LYBAET., B A+B{ED=DANDGB LAt W

pre At =s-nm(e‘%"‘e‘%‘*)'. (7.3.41)
iEBR % xe D, W% s—0 I,

-;—(e"’-“e“ﬂx—-x)

%(e‘”x—x)+—l-e*“(e“" x)
—1Ax +18x,
J' 181 AFE.
5 (e x—-x)-»1(A+B)x,
T, = {e“'e'”’ erttany i yxe D, limT,x=0, M
4~y
4G Iim T x=0,
fF A+BED -k, D (e
Ixlase = Il + § (A + Byx]

TR—4 BavachZg[q, F %7, 2O, la.0B 2. D BHE

REHRR T, HAMTREAxc D, ITx|RTsHE. A—FHA

ReEln i FE(T, se R —5 4%, IREEEHC, 7
ITx1<Cllx) asas Y x€ D,

M % T Banach 58] D FMETEEL, B 1¥1P0Fx 0fl xe

K —SaL,
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SHHES X6 Db, 57 Hxe D, FRE W g soe B B
RUE(D, |+ ..o M8, mF0~1, 108 R dEH, Hit
MTEER <€D, BA{er* x| - ISR D b 5 K, B
G

.1 . . |
llm._.[ef-r.‘!eir.g _eirlﬂ+BJ]eiSt.“'FB':0’
r—i

ESG [_ Islj.l_‘- hd{.{{ﬁkﬁo
RO AAD 87 3, 136y TERA N ik, BT EE

: i it ] .y R
(e;;_aearis) x-_(euiuﬁﬂ.l) p
-1 £ I B t [;
Z : A A i H i—4 igB
— (e R g L] ) ‘\e " e L

£E=0

i - 4 LI Y
bt A+ B 15l Jd+B) -
~e " ("3 ) ) Xy

- [
-

( VLl oy flﬁ)" ( .‘it.um)" ”

£ 1 g M X—|e ® X

Ny ita oiB itiaem :

__t (e a e L] ""*e L] "{A"”)x

T e e

< [t] max
[ 2 R

—(, n-»cofff,
BT LA

ita it | .
11m(e e ¥ ) x=ell4+8lx  yYxe D,
R —

MTDLELHEE, BETRD1, S LFIRRERS 2 kb
M. MK,

AN SR MR

WAMBRAMNET, A+BADWWNDGB LARKE M,
A Trotter sEAAZ & (7.3.41) {HARIL.
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ERPIEA A EABERATR; RRed. 9 8 8 08
%, HMAREEANE, WIBEAZIEHT. AXNEBEETSE
F P Chernoff “Semigroup Product Formulas and Addition o
Unbounded Operators, » Bull, Amer Math. Soc. T6(1970).

# TrovtersRFALY R H P (7.3.38), EHT

Hy ¢ AL

y(x,t) =lim(e_i_ﬁ_?ﬁ"T " ) wix, 0,

L BT .

M EELELTRE, T %P ELHFeynman KR2HLS0
EBUMRE: F. FiAVAW di

> | i
7.31 BUGMReRIEFILBEEHR F8. DE#»
hEEE, RUMDCD, vieR', B UWED LB ®, HI

di/
MTEA x€D, Umx %F ¢ T, W i~g, ~| #DE

A THEMNHARRA, b ARLBERMERT.
7.3.2(Stone FH A —IF H) B{UW); -co<i<oo}i
> | EESE TR
‘@) VFEC3(RY, VYre &, BX

x,=J'+wf(¢)U(¢)xdc,

Aoy {E Riemann B TEEXL, £D 2« i HFRABHE
FRmESs, IEHD EFE.
@ YxeDph, Uhx o[ g, &
dU(.',)Jg_f

d¢ (=0

3 EXHFTF-
DAY=D, Ax=U"’(0)x,
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IEBH A B BT A R
(4) &V @)y =e't4, JEIH V@) =U (),
7.3.3 kA BFLLBERT, HXEHrcH F, teR',
et ZEA TR IFNAFLEHERETFA QR Ag>Asr
7.3.4 BURFLBERET, NWHHE

N—1

Jﬁ:E! ﬁﬁﬂU§=£.

7.3.5 ROQFZORERMEZH, RO LENEHRN
{f'ys t€ R'VEBIHN, KIE

- (1) vf,gcl?(Q,#,0)

1 1
lim TL F T, 0di= s Lfdcr Lgdo

T—r-_<

(2) A, Bewm, W

llm—;j.l: 'U(Iﬂ ANBydt= ag(Ayo(B),

(9}

7.3.6 BAMBRFEANET, A+BEDWMNDBYEHA
Pk, A, ~Bi— (A+B)Haf kBSR4 B 220
{T4ty; £20}, (T t=20R{T4*2@)y =0}, {IEHR

v mamim(r ()1 (2)'

$4 Markov g

B, RARETHARZIN LB LEHE T
Hbtgi, FERE . BB, O MR ARMRG
Az R A SR, AR RBUE) . MRS TR LU R
R OT, B MR o FR B Y R R SEA N, X R A
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FREPE R, BRipu 00, AL pSe e, BHIAGHER
X — P LLI E b ar s, N Eﬁi—-"ﬁ»%ﬁ R, DE
LA v et 60 0y 2 S L1 Y B 1 2 LAME — b o2 120k R LS X
UG, MRBERE “UtRe TE-AEBEEZ—" SR,
TREAG R R AR, LR EAR D M, AL
. MBRERE<LOEERNELAREW LEGEE, bt
XA R HBGTF o AR EAE AN S ¢ LIAD B EEL
K, EFBARWALEHAR. ERELGEERAMIL G BIR
BEFR A Markov i #2 (SEGERD ., .
EREATHRARENER. AXOFR 7 FRE ¢ HEIY
RUL, X U)o & BRHEMEHER, RATEHHE, LE
FREHRTBTREENYE —THRE. BatkRAEMAL LT
WO mMELAEHERZ ¢ FAHAES EhHFRZ -NERR
Prob{X (t) € E| X (i) = x}
Fw, HiCHE
P(ty,x; t,Ey=Prob{X (&) T E| X (ty) =x}
XA BEERER ) FE R =L,
AR FL MR RE BT B MBI RRE — 1o, 115 7% JRHY 0 4AIF %1
to oI, BLIMTFHEE s |
Prob{X ¢+ E| X (i, +8) = x}
=Prob{X (t) C E| X (t,) = x},
XE— SRR HEEHE, HAAFREBHE, AAXHFEH
BHMENTRB{X Ol BAFKIRIE. N THFXDKIE,
FHERIL
P@,e,BE) =Prob{X (¢ +s)c E| X (s) =x},
MrotMarkovit R-E R HAMFER, —fERABE L ZITRE
PYCERR, B—RERWTETHEENERRRE, ATEH
BigR e Markov i RPHKBRBHF L LR, FNHRITE
Markov ) 555 HE .

210




4,1 Markov #:48 Fe

IRME—ATZHERTR, AR ES ¥ F_M L8
Bovel THMRMHB K A B WM, 2) Lk amme.

U741 HEBPE,%,E); RIxMxa— R R 4 — A4
Markov $6F5 5f 3 245,

(1) MTFEE 20, €M, Pit,x, )R M, ) |—iBE
W, AP@,x, HRME—428TMENBEERK, BRP,
x,M)=1;

(2) MFEE=0, Ec &, Pt,« EYRM}—/Borelu] ¥
R |

(B P(0,x,E) =xp(x), B EREEmEs

4 MFEEHLs>=0, xé M, Ec 7,

Pi+s,x B)=| Pax dnPis,y,E)  (7.4.1)

(7.4 1AM Chapman-Kolmormorov FF2,
HHERED(.x, 0. R, xMx MR, %

P,x Y= p(i,x._-f;}it(dy),
d &

R, x, ) 3 Markov #Eglsrr

EiR N t_.hapman Solmegervoy NIT, VEPO x, Ey R H5y
ISR E YL, MR x Y, S8 [HRE L FERH
{EREA Y/ dp PO R P deos T 5 My HIE S
ETENAT S s SRS ENADET S, didiMER A B PGy, B, T
A S PRI JGAE a S b x R SRR FIR L+ s B E
A, TR R R ¢ BRI v B b de PR B P,
AN Pis,u, By, R Tib B fnfia) et ) ¢ vl 5 45 5 5 Mep gL iX
Wdy, RPRHRIEEL + o sl « HFR EPyi =R, RS EPA,x,
dg) PCs, o, B) 55 T — B0 fGdy i By . BilAMarkov g 3% 3 2. C-K
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Sk, KM T Markov W FEWITC S b,

W Co(M) 25 M [ —FOE SN Fem s bl. fE—3Eju) =
sup{[u(x) |3 x& M}TF, Co(M)R—4-Banachziff], f£Co(M) £
X E TR,

(T (t)u) (x) =f u(yP,x,dy), (7,.4,2)
M

EXT. 4.2 —AMarkov BB B PG, BB AZ —F
Feller v §r, AABAnS

TWucCy(MY, Vi20

»gE—A~ ue Cy (M) ggar.
®M7.4.3 % P@,x, E)R Markov & ¥, Blr,o)&R
MCL x heful, & AN, R

lim P ,x,B(x,8)) =1 {7.4.3)

tlo

HE—txc M, e>0m3, BARP¢,x, B REEHLESZN,. mE
W7, 4. DERETMp x —Fli3E, K P, x,BE)R—BRhL
FIET 4.4 FE P, E)R—A—BBEPLELF Feller R 2,
W{T @)y t=0}HEC (M) Ly — RS g 2ERE,
A HiHEBEEE N PRAEL G BT =1, mb&E
(1)

[T @ v]eoyn= SUP” Pg,x,dyyuly)
T EM L} 3

< |ulsup} P(s,x,dyp)

¥ e W)W

= Ju],
#INT ) REGER., i C-K FET 4.1,
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i
T +yuy(x)y=| P@+s,x,dpyu(y)
o M

= J. P(@,x,dz)P(s,z,dy)u(y)
J MM

Il

[ P,x,dz) (T () (2)

= (T(t)T (s)u) (%), ¢

HIFEE ¥:c3 2 i
Ta+s) =TT (s),

BRBIFEEsEe, ueCuM), M

|7 ¢)yu—-u|= suﬂ J.MP(t,x,dy)[u(y) —u{x)} n
£C :

<lsup I P(t,x,dy)[u(y)—u(x)}j
sEM
B(Z» 8}

+2|]1,t|i:am§::f j P,x,dy),
¥

TMNB(x. ) 3

% FAEH €20, ER 0>0LERR
u) — w0 | <, V¥EM,yeBx,d

B 6>0, HH >02%/0, DAFEHLC O,DH

)

il;PHP(t’ s MA\B(x, 5))£4ﬂ““’ .

P’
EEEED ;
IT ®u-u<e, 20<t<g, -,
E HKIE.
g #M=R", &

R e - IR I T iy o rr—— ke



[ { - _ |x _ J,"1 4y
P(t,x E)—{'ﬂﬁ7ﬁj s F ( T M 10,

(7.4.4)
¥p€x), t=1{,
XA MarkovE B3, Pl ML ERAG n §Brown
BEaT. FEIUHAERZ— BB OL % 200 Feller g %, BYLLE#
ColR"Y b A RIS ER L, XM EROSE§ 2O T7.2.3
pitigid T, AidER 7.2.3d5E C.RIAUIEEHE R,
MBHFHEE IR R &, BEERELaELE, BR5FHEX
R8T, #7.2.3 75 TFTERAMERELNTHHENE
Al EHL Rk, IR R IC A, AFT. 2300, WA
D(A) ={uc C(RH{AucC(R "},

Ay = --éﬂu_

Sm7.4.5 B{TOI>0 BN —M—BhiHliEsE ) Feller
RBOHHERC (M) LR, ERES/AERTERA, W
(1) ¥}FEA A0, ve (M), FHik

Au— Au=v
DA LA
(@ mRec DAY, uxy=ul), vreM, P4
(Au) (x)) <05

(3 12 (A, THAL=0.
JEBE (1) gy Hille-Yosida 32 MAZEMNA,
(2) BT ve ), BIR u(x)>ulx),
(Auy () = Yim [P 2, 7, dy) [u€o) — ulxy) <0,

E—+0 4

Q) £ EAEBERu=1, HTT@1=1, B Al=0,
RERIE.

HEPET 4.4, —A—FREPLESER Feller g 278 C, (M) |
Fai i~ BRI 0, BRI E i A ot

gl |



3% Feller pa i 0, B 7.4.5 Wi T Feller g Bns g
JCEy R, TR DR, CotMHy i A R FR_REAS—2
WL E% Feller qu‘ful{.‘}ﬁ";';?»’bﬂ-'hﬁiﬁ‘?

EE7 A8 EMLE i FEooxf), CIMYEM L& BiEgE
Fr, ARCM) R E T, ABM pRABEHLES Feller
B9 SR AC 93 b i B e By S

(1) ¥FE—Az=0, LTErcCO, K

Au—Au=v
fe D (AT s
(2) Puec DA, FHHuE) =uE), VvxeM, N
(Au) (x) <<y

(3) Le DA, WH Al=0.
JEEE MRgpefresiE, AT LA COM) =C(M), o HEEHLE
EEA T — S PLE S, SEPER G AT 4.5% I B, &RH
ﬁ%ﬁﬁﬁ.
i 4 (D
(A-AYD(A =C(M), ¥VAi>0,
d1 & B2, R ux)=0, V&M, I
Au(xy) — (Au) (x) ZZAu(x,) = Amaxu(x),
i 4
max (A — ADux)|=Amaxu(x);
R w0, vxeM, MA-uv)RALEXR
min{ (A — Ayulx) ]<Aminu(x};
MR u(x)ZES, Muc) >0, B8 EEBIHENE

max[ (A - A u(x) ]z Amaxu(x), (7.4,5)
FH-uCO e, &R
minl (4 - Ayu(x) j<<Aminv(x), (7.4.6)
B2
[ €A — ADull=Alu], . (7,4.73
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Ea&, i Hille-Yosida g A BCM) L — /88 EME
FYE T ) 20 84 K.

Tim#E AT @ [t 20) % Merkov $£ 52048, HHIE
WA AL S5 1.

& C (M) ={ue CM) |u() =0}, I R udC (M), @I
ARXT 4.0EMGA-ADugC (M, %M A -Du=vecC (M),
uc C,(M>, B R,C,(MHCC (M),

HET, ()=e%, HhB, =R, -, WT @WC, M C

C.(M) th§1,%Ar0ff T, () ——T(t). BLL

T (6)C, (M) =C., (M), (1.4.8)
H Riesz #rnE#l{f
(T (4 u) <x)=f u(y) Pt x,dyy, (7.4.9)
M

Hep Pee,x, ) EMfty Borel Rl 7 LM BE. Bi1(7.4.8)1 3,
VEe &,P(t,x,E) >0, MPREHHMARH PO, x.E<I. XH
244 (3)

T{t)1~1=f'T<s)A1ds=a,
'y

BEPE,x,My=1, PO, x,ORM, & FHBBME., &T
Ty =TaqmP,x,E) =¢g(xy, MERA P,x, L) j& Markov §%
BHAY, DRIEW PE, .. E)RzTNEAY, H#H Chapman-Kol-
mogorov i #2 (T 4, 1) 3L,

& LFERBRMTFREMM L v HERES,

(1) VYi=0, J ulyp P, x Ay BT sy T b ¥
M
(2) Yi,5=0

J P(s,x,dy)J Pg,y,dzyu(z)
M- X

e
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=J P(t+s,x. dzyu(zy,
M

g T O 20 R M R LDC W), M LT RiBesm
BeER 1, BFu, L, u, g iglicags] v, W ucl, id - AMp
MR, - FIERF BCCw, Wulx) =iaf {px,y) [yE6)C
CG(My, LM '
I
falry=
Antrl, mir<d
Bl 2, (x) = fo(uix)) t xe(x). HASHWx))elCM), B
xql)e L,
BEREMETER

A= {ACMIy,c L},
TR ADEEFEGC, A LG 0THER.
8,,8,24, $;NS,= =85 US,c4,
8,,8,cA, §08, =8,-8,c 4,
S.cA, S48 = Sc A,

HAEWRIEm, REmEERNERALMBELENEMSBE
EHSkAEERNED o K. &ADS.

BUIEH ulx) =x(x), BRI PG, DR MATAN B
C-KHf, BrLl PG, x, E) Tk Markov #5505 3,

BF EB{TO =0 R HCAMRE, Pex,EB B RE
Feller i, R/giE HEBABEMILESEN. ¥ EH M,
>0, -

u(y) =p(y, M\B(x,8))cC(M),
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Ly i udy) zulx),

vy = z% i 0<u gy <uix),

0: '#ﬂ u{yy =10,

TR o<, vimelCWM), MAvw =0, M y¢Bix,s),
i

vy - () (&) = 1-LP(L,x,d.v)v(y>

}I_P(t:xsﬁ{xrs))}fﬁ-
& t—0+ B
lim P(,x,B(x,e))=1,

AL,
gf %EM=8', EHRELHBEEA. T&
C(§Y) = {u®) ju B AR 2n pEE RS,
&

2

A=a(9)d_de_2 +b(8)a%, (7.4.10)

Hrha(@)>0,a(8),a’(8),b(0),b’ Gy C(SYH, &
DAy ={ue CEH|u’',u"c C(§H }, (7.4.11)
KA B L7 2% Feller sz i¥y 4 BT,
B -, BAH 1cDA), Al=0, kuc D), u@®fE
0, RERAIE, Wiw O =0, v’ <0, &
(Au) (8 = a()u” (U,) <0,
e 7.4.6 &M@, QME. RO HEEHRS FEME
wEH. “
4.2 FHAREHLIHE
THERFHET G R. XE—BEFEM Markov j#8, X3
ABRZHUES, EHEDE/UGIT HPP I BB 4 5 W
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B, Y BGT R AT RURR D i, ARy B, A i h
R WEESEA S EG, BT AMRRE, I H N
. MAE R BRSO R S, IS LR S A ik it
B, XRAEGEEERR UL RS T EREREDER.

NI4T WP BYRRAESE (R, 2", d0) FyMar-
koviifZeast, Hp g B n H:Borel o- 0%, dx & n # Lebesgue
MigE, HEBEEBR. HT V>0,

(1) lim —-];—Emp P(t,x,B(x,6)°) =0, (7.4.12)
| Bl 101 Fi

{2 ]im-if”m J(y—x)P(t,x’dy):b(x), (7.4,18)

t— 0+

(3) Lim J—Lﬂﬁ (y- R W—x P, x,dg) = a(x),

L-ro+ L
(7.4.14)

Ko Blx,o)y={yeR"||ly-x|<e},Blz,5)"=R*"\B(x,8), H
BRb(x)y = {bj(x);7 =1, 0} R n BRERAR, a(x) =(a5(x)) ..
AR, XEXNE -4 x, FHECORELEEM, MHKPG,
x, By n ¥ ud REE R,

A iXte RS, RBRATE R PERILES, B
AR EIEE X 7.4.7 PRy iERE,

1° M EQ, SBEi -SHEiLES, EHE R E L
&y MEBMAME » HWRMAN, EREER @ Z258H cie
S BEEL ¢ BEEFN LS /D, ATe>00E, XRH{ITK
LR AN T B R 2R L AL R,

2° BEHELT, Btk E5Q) hptBR KM T «.

3° V() MIMBE R AEL cLBEHEE oM 5 K
MAE b E X S RERRIEEE.,

BB, e« ORATRAR, ORI TBE SR
. '
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) FERvh Markov # 25

! | —2[*),
—————————— A T t
P(,x, E) = (2nt)* 2o IEGXP otol ) ¥, t>0,

¥g (X}, t=0,
(7.4.15)
e Hod R Rms, MENYHABUEE alx) =02,
SEBRM b(x) = 0. AR 7. 4,0 FBER n 4 Browni@ g2
REBEAH T, THRED 0BT T,
EH7.4.8 BV HEEBRBERE PG, ,E)HEEEAK G,
x,¥), Xk

op(t,x, o (t, x, .
_pax—iy}’ ToE.E Y . 1=t 1<n (7.4.16)

3X;0X;
FFEMART ¢,y &8, Mo, e PHNE

. 2
aplt,x,y) _ 1 D a;; (e 2Pi,x, 9

at ) 9x ;X

e Jui

ROt S (R L

XA BB Kolmogorov J5i1R i £
B M{EE 60,820,

2—%]. u-p(ajxrz) Eﬂ(i,z,y) _p(t'x’y)jdz
R
) =Il+129
FHrp
11=%J- | -p({SIX,Z)tp(i,Z,JJ}“‘P(ﬁ,x,y)_]dz
{#—T [>a
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~{} (tfiva-[j)

_I_Zz_gdjlzrxl p((srx:z)[p(z!‘?]y}_p(tyxfy):dz

1 ; ap(t,%,9)
r?_j.“_,,.“ p(ﬁ,x,z)Z(z,-—-x,-)- 7T, @z

Pt

+J_lq_._'.]; p(ﬁ,x,z) Z (z,--x.-) (zj—x5)

2 5 | #—x | g» iaie1

L, X, ., +0(e?) (Taylor B,

dx;6xj
A 50, H 4L c»0, BI15
dtpt,x, ) _ 1 v, 3p(,x,p)
¢ '_?Z 43 %) ax dx;

i }-'1

2
+ 0 b, (o T

i=1 ¢

HEE

+ [PC,x,0 —pG 5,5,

= %‘Jﬂ'p(ﬁjx;z)[p(t" E,z,y) - p('! - 5,x,g)]dz,
BE EWESL®, TH 040D REED B R R
TR 4.1k, EHAFIL. |
EBMRHALkn HGRTRMES, N Markoy 3% #1 j4 %%
PO,x,EYfE B(R™) L X TET 8¢ ‘
TOH@=| Perdnfw, YIEBRY.
(7.4.18)
'E?’%Eﬁﬁ*ﬁ- %ﬂ?.'ﬂl,‘iﬁ&i! % P“:";E)%““ﬁtmﬁﬂﬁ&ﬁ'@
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rellergf#eirt, fEEHT () 12039 RABEM #AIB (R H B F22 ]
CoR") LR A—ARESET . AERIK PO, x, E)RT |
WEHEBEEI BE e, ERE XM ERTENY SR,
BA BT A T,

EET.4.9 FuOEFIFEAZNESFE B

(Au) (x) = —.é-.za,,-; (x)ayulxy + 20 (xyu(x)y,

(7.4.19
AR AR E X

(Au) (x) = lm —%— Tulw ~u{x) JP{,x dy)y,

¢ *O+

el b B Taylor %, Raz®7.4. 8IEH—#, HIvi
A (7.4.18), EMIRIE, -

R EEIRERN, VR ERE S TEFdler BT, E
R ER LE RN R E T

1 3
5 2 5

o
R IOF 2 (7.4.20)

ERBEREHTF(7.4.20), BRREY Hdf. BT
B yhaaRi (ks 75 &

su(t,xy _ 1 B%u(t,x) au (t,x)
ot Ea ®) —xpax; T axaxy + 236400 3x;

(7.4.21)

Wi,

PEdRsbhLRE LY AT ~HBR {au(x)} n
{b;(e) , B HEEE—M L {a ) ) AT B RERMb () AT R
Ry HEBEE PG, 2, E), XTFXAE8, BRI A TN
IR,

ERE7.4.10 B{ays ()}, {b; () HRRLAT & s

£23



(1) {a,; () R MRIEN, PEERROA <Ay,
HETHREX
AEP2a () 5T <A, E)?
XF P, S ER EYER " LRI
(2) b, (et M, VY1, ¥VxeR";
(3) Lipschitz 3£%;, RITEER I a>0,0<T 00,
|a;s(x) — a5 (@) | C|x—pj°,
|6 (x) = by () | <Cx -y,
3 —E)x,ve R* AL,
Mo FEBATANROEE .2, 0),

(1) p(t,x,y) & Kolmogorov iR 5 #2(7.4,17)3
(2) MTEEuveC(R")

> =] l,z,lt-,n

lim | pl,x, nu(y)dy=u(x);

o J R

(3) Ye>0, pt,x, ) XFt,x, v I,

(4 p(t,x,1 >0, J Lp@,x,dy=1;
[

(5} R’j'ﬂ:”QJS,t)U,x.PER',

p(t+s,x,9) = Ip(t,x,z)p(S,z,.v)dz:

6) lim p(t.x ndy=0, Ve

TERL R IS I N -

() vueCy(R™), ERE

we,n = [ p,znumdy

)
AR R
au(t,xy 1 _ 2ult,x) au(t, x)
o '2'24:1 (x) ax;_“a‘x—j— + 20b; (X)) ——"rs ax, "
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Clim w0y = ulx)
{0+

Wi, M0 > 00, HESIBNENRPEBEE ESN.
PRI LENE 9 2: % Friedman “Partiai Differential Equalions
of Parabolic Type” 1064 |

MERB @, x, 0 AN EE, BIMA
- P(t,x,E) =Lp(t.x,y}dy

ML E S, WER—SREHL SN Feller @B LT R Bl
PR, Dhias (0 AT ERE, LU, &) PAIEE RE.

§6 M ¥ B B

5.1 ®¥E-T

it 2w oy Hilbert?S /], A Bl LibAEAT. AMB
Sy RIF e B BB MORER AR T RUM = 5V ) =ebte
# B LESEEHET Ik

Wy =U(-nV ) (7.5.1)

— PR RRARASRE TR, WO BTRERETHR R
HEE), e R TREN kG BRI RN, FiE
. B H AL AR R, HEsELr O, EARE
ML M REENH t HRSEEZE FEVOEK HZ VO,
v(0y—o(ty, HTZIRXA RSz, HNGRFesEL L7
— A BEEMREETIEE. 4uvOEREEAH R RN
M, ETFEVGOHARMTESES: VO u@-ui, |
5
u, (), i~ +oo,

U(I)z{ u_(t), %t ~-—-o0,

A Bk
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lim e -u @ =0,

‘--l'i L]

052 4 90 (3T
v(0) =%, B.(0)=x,,
BRARETFILS, LERAKBEK -
lim [Voyx-Uwx_| =0, ¢

F=t =

WA UOBEET, FRXEHRT
lim \W@x-x_{ =0,

[ B g

AW =U (- OV OB (7.5, DRFELH.
o | .
W,.=s- lim W), - (T.5.2

|
W.x=x,,
BEMT.5.1 P RRR (7.5, DFEF ETFE, RBET W,
AHEBRF, HAR
§S=Wiw_ (7.5.3)
358 [ R
HEFSHHATFLBHEERNEAR, EHTFHTER
B AEAREIE, MAREEHSEHRET, BHRG.5.2
Fohi,. BRABEYALEFASAMET SR TH
BRI, BETGT5.045HEL FUEETFV.HEE
MEEF EBTHRI®RIE, W RHETH, SHAFIEET.
BEWY RULEET. TLIEW, SEETW.EER, B2
=Ry, BMERY W, HHRERN, RHEFREET.
fEHmEA L, RS LHETF. HS REANEFRA A
FEEMSRNESH TRETW REANRNIESR.

M7.5.2 1% &=L (~ oo, +0), A=-:'Ed£, Bz,iai+

X

Ve, #V @@L agfy. EfSENR AT haFnA
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HET., AAFENBEETFRUGM = 1 REBR
Uhuwy)=ux+i),
L 7.2.D. @W, ZFBRETF

(Wou) (x) =et45iy(x),
Fp o/

]

K(x)=J’: Vendy,

TR B=WAW,, HHMTFEED A>0,7
(A-B)1=W3l{A-A)W,, '

FhLaplace i din, 23]
Vv =wilumw,,
BrLA
(V(Du)(x) =e i&kleikiz+iiyee 14y,
XEAAW OREBYET
W () = efE(s1—iKiz—4)

w
if Firae
= Ff

FRUESTREMHEFHERRRT, ENE

t_[:mvuuu

W,.=e >

+ oa
—f  vmay

W_ = ,

+ o
—i[ winar

S=W*'W_=e .
SH7.5.3 () EHREFW . RW_5514, W
(2 WD itahRE, mPRR
limW (&) x
T xe DEE, WRMERS 7 i,
(3) W BW_SBEETF, S5 85
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(7.5.4)

(7.5.5)

(7.5.6)

(7.5.7)
(7.5.8)

(7.5.9)
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s— lim V{~-U )

t =t ee

fE# LHLE,
WEEH (DR BERM, RIF@. BW, 288+, Fi
#EE—Ave &, W y=limU(-DV@yfEE, BT

W, V(-U) =~V y,x)
>W.,y.x)=(y,Wix)y. & —>cofit,

Bw-limV(-DU@Wx=Wix, FhHlin|V(-OUx]=]x].

§—o S

Bt LA
s—limV(-U@) =w+

T L. Ry, Ys-limV(-UWEw FHFERM, FRM

| e

AfBw-limU(-nDV®), XABKRSE UmU-0V )=,
Hit s - im U -V @O Ew BB, REHTHRY _BEETH

| "

BEF S MR = ImV(-pU®, JE¥.
id
W =W_(A B)=s- lime-itdgii5, (7.5.10)

==t

CHBEERNERFERAERTF A, BRXA.
®E7.5.4 RABCEAERET, N
(1) W, (A,BYyW (B, C)y =W (A,(), (7.5.11)
HABEYRYEESEDETFEREYN, FREFLEEN, WH
%, #{is
W_(A, )W _(B,Cy=W_(A,C), (7,5.12)

(2) Bip W, B, A FL, MW ABEBRE T, il
ME T,
(3) AW (A, B) =W, (A, BB, (7.5.13)
HABYRENESHUNETAHERE N, RETHE.
B (1), (RN, REIEG. B2
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Pt qe--jl;leila H__e_--i{p---rl.-ii,,_a:_l- N '-kt-l!'-r,‘!

%t*’ims ﬁ

>

e TAW (A, B) =W (A, Byel™?,

B RGEHE, TR =0, ##ER
AW . (A,B) =W .(A,B)B,
EER I,
TR HkETF AR — T HE R,
£17.5.5 (Coock) R A,BEAHRET. DEXH—ITH
B2, ME—pueD, FEEKHEs, EHRJ =58, e lue
DAY ND(By, (B-A)e'*PuleT ¢ EE, Will

rﬂ (B— Aye' tBuldi<too, (7.5.14)

B W, (A, BDERSE ] LT,
if8y #ueD,
Ef—tW(t)u: -(%(e‘“"e““u)
3,'3—-31..»1(3,_‘4)@3 .!.ilu.

W(t,)ur-W(tz)uztrle“‘“(B—A)e‘”“udt,

iq

Whfe= 1l =1, 8AF

uwnlyu-wuz)u“gﬁ‘ I (B - Ayettsulds,

& ty,t,>co, HIFIB-A)e *PuTE(s,00) LA, #43
lim W ()u=W (A, B)u
e, BFD 2 hHs, R\EM7.5.3%0 @, RFERAE

T LIFEE. ERIE.
#7.5.6 & a=LA(R%, B=A, A=AV, HFHK
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Ve #, EBMMENKREASBREFM AR F. 4ETH
V{ty =e*£" Hif g Mg Cauchy [a] 3,

dv{x,t) _
{ T::By(x,t), |

v(x,0) =f(x),
32l
(eiF1f) (x) =v(x,t),
#F B=A4, fFourier i, #5HEH

1 _iE=¥]° .
00D = ey o W T,

RElE fe LR, TEARKNE
17 ke

(43-[1-)3#’2 .
BELDSESEEY R L SJEHK, LA
1(B-Ayei*tf| =|jVyv(x,t) ]
gﬂV"mEXW(x,tH

w2, | <

égt—afz’ Vi,
CRS5tXRMES FHO5.1L0HE. RAL'NL FEap
FaE, BIH Cook MR E W . (A,BYFLE,
%8 Cook wHIp MMk . B iss i, e Pug DA
DBy, (B-Aye #%u - t &L, TH

j’ | (B — AyettPuldi<oo, (7.5.15)

GEBT W_(A,B TR,

HT7.5.60 8 A,B, BT W_ABEA.

5.2 JAREF )

W EW_EEET, (7.5, £ WANBE & Sh
Y, MTATID GRS, OEEET W, B W_ FRER
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F ORISR BE A WA TS A AKAAE, EE L BAco B,
Bu=Jdu, uz0, §|Wtju=c"t* "4y, %} F T EHEr, %
= +co (W ~ oo,
| (Wit +rnu-Wiyu| = e~ fria=biy —uf-»q),

@R e™ " u=u, § Au=Au, M A€ (A, —BERBE, H
THABEETARMB, LA o, B)Top(d), friEB A
A0t BUARTTARYSINREERE B (7.5.2) Xafzmfae bk
M. RRESBNBERERIBELAENSTERLEE, ALK
& T F AR AR AT R A

EX7.5.7 XA Hilvert ZFHlyF EMALEET, {E4€
KGR ERER., HTEN e e,

m ($) = [E(Syup? :j' d(E,u,u)

ZR' ERARTERIERE, Hk S/EE LR 1 #Y Lebesgue BRI,
Ak my, B Lebesgue MEEA S 2%, HIFR w 4% T A ByHa bz
oLk, ERRTANENEEICENESHRHANEMNEET
i, IRE# (A, RBE m, 2T Lebesgue M &5, W
o ARTANITREE S2EXTANTATENRSKRNGA
525, IfEa s (A),

WET.5.8 Fo(A), #y(DRFEH S ETER, KA
Hu (LAY LF (A,

H = H, (AP (A), (7.5.16)

B R ue &, (A) , ve (A, rEF,(A)<=>
Borel & jll 3£ &3, m, (S) =m (SNSp) <= U ~-E(S)v=0. B
bt

(u,v) = (u, E(Spwv) = (E(Spu,v) =0,

H—HE, ME—PwcF, R m(S) =m’ (S)+

m(8y, {fifE m’ (8) ZLHIELSIE, w7 (S) Lasrip,. 1
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- 7E Borel WL Sy, m¥(Sy=m"(SNSy. &

v=E(S)w, u=w-uv,

1]
IE(S)rf2=|E(S;E(Sw|? =my (5 Ss)
= m” (S8, = m” (S),
1ES u2=EG) (- ES)rw|* = |E@\Sow
=My (S\Sp) =, (8 = mu (S5
=My (§) ~-m” (8) =m’ (§),
&

vE F(A), uC F. (A,
M, (A) L (AR T e DP# A = 2, IEH T # 0 (A)
Baw s (A ¥ RO 80 722 R). s BRI,

- RATE Fe(A) B 2EARRETHSRETERS, HAAR/R
REETRE. BEFPHILER PSP (ADBRADANRESE 2
i, BRAEF.ACH (A, &F,(A)=F (A)QH. (A,
BRGAMNBHBRTRERE, (A EF i (A EZEFH# (A
e 2 b, TRZHIT 5

F =y (AVPF o (ADPHFp(A)
= F (AP0 (A)
= .. (A DI (A), (7.5.17)
FARl# e (A), Fo (A FIF L (A TR A BARETSIMH.
EX7.5.9 HAMBEANET., EP..B)h#EBHA
¥ EEFER F B LT EET. ARERR
W,i(A,By=5- lime i4te'B¢P (B) (7.5.18)

$2am

e LAE, WRW (A B AT LEE T,
E1 IS NEEFWALDELE, B
F,=Ran(W_ )y, _=Ran(W_), (7.5 19

MW BEM#, BB B ET, B r &
e~ AW (A,B)=W_ (A ,Bye 18", (7.5.20)

231




H(7.5. 20 4# ke’ W4 Foii, WA
W.ID(B)ICD(A), (7.5.21>
AW (A,By =W, (A, BYB, (7.5,22)
R FABHAEFER., HT.5.20RMA., 5Bl-,
RESHH, Bl CF o (A,
B Pl W # B 2o (DWEEET, P, haRr, B
RHRT, TREP.CPL (A, MM

W,=W,P, . (B) =P, W =P, (AW,, (7.5.23)

B2 FINBRERWV . ABERE, W.(B,0) &, M
W.AORFE, HFTH8igEEN
W, (A,BYW_ (B,C) =W_(A4,0), (7.5.24)
KXk, IS ERT 4 B RanW  (B,0)C Ran P (B),
Yuec #

AL

lim | (I - P, (By)e ¢¢BeiifP (CHul =0,

B E S
e itdeticop (Chu
=e""“’e"‘“BPM(B)E"“%”‘”PM(C)H
+e-itderitB(J_P_ (B))e"ttfeit¢pP (Chu,
24 i~ + cofib B IR (7.5, 24) K.
EX7.5.10 BIXEEPW.ABELE, mi
H = H = Hae(A), (7.5.25)

BBV (A BYRZE,

WIBEN, Y NEREFWOAD B4, BIESEMH
Fa (BYBEE . (A LHEREF, AREBILERTFWIA,
By & #ge (M B #,. (BYHBEET. kAR

B WA BYW (A, B) =P, .(B), (7.5.26)
W (A BYWI(A By =P,.(A), (7.5.27)
FH7.5.1 BIUNEETW.AB) 5, MEExmsd
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VBT R BB T W. (B, AFE.

B {RiR WA B W_(B A) #i# 1c, w1 91 & 2y %
' (7.5.24), Po (A=W (A A =W_(ABW (B A, Bl
e Ran (P, .(A)) CRan (W (A .B)) = 2, |
miEE 1@ RanWoycey, (A, TRE#, =204, %5
MBEEFW. A BDRRL2M.

Rz, W, (A B GFEGEEESM. ERUE 4 (A),
Ave #, R u=W_ (A, B, [h

Him e~ ¢ 4e +2P, (B)y ~u] = 0

£or
1
lim Je=ifPeitiy - P (Byv] =0,
&4+
ClE

W, (B, Au=P, (B,
PTG W (B A EETE. 2 BIE.
M1y Cook FRAPETRRI L ZE LM b 4 207 Xk 53
F . XA
Fi27.5.12 (Cook) ®A,.BRAMNETF, E&DDB)
N&#F .. By, HHE F.,B)rhB, BX T E— ve D, ffEF
s, RN 2B, ePuc DA, FiH

[ riB-mretinup 4 g B- e rupiarces,

(7.5.28)
BIW , (A, BY £ 15
R RARES., BIHEHY RS AR RS ETRE
Doty BT, CLMMEIRMED) HE R MR, KA TiE A
Cook 5= BEH H:IEM W, (A, B) BT 7 1.
TEAT LTI S U BT TR A6 MR SE 4o B g Kato—Birmar
BEYE, & Al Cook gk, 5f(c Pl |(B- Ayersiuf, £ Kato
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PR B A RBTIEMERE TN . (£ Birman i @
sl TREE T RSB+ - (A+0 " Bl RE T AT,
AT IR, E bR, B A BEh LMY
F-, HifpfeafiTng e, FRB-A)u= (u,nv, HTiEHCook
FEIEY W, (ABYFEE, BREX B (e Pu,0) e L' (R) A3
destu, Kk ue a0, (B), # IRERK S, JLPERIER,
#ACE,u,u) = f(A)dA, TSI & 8 8 F £ € LR,
fdiy, 5 d(E,u,v) =gA) fAydr, B |

{e*‘Bu v =J. !e""'g{i.)f(l)dﬂ..

"

Fril (et Bu vy ¥ 2rgf i Fourier 754, —RE3E1H EFourier
THREBET L B8, URBRTLEEEHRS, BHRITEZEME
e fu, e LR AR T v, T T AIAE .
EX7.5.13 WHRBHERF, {E.)-oco<i<xo, BN
kK, &
MEB) =‘wca|Ife l~(R),dE u,u)=fM)dL a e},
(7.5.29)
BMMBYEF By, HJuecMBM, 12
el = [ £, (7.5.30)
575,14 HTHEBue MWD, vew,

[ et Pl teg, (75,30
R

iE8 & PAhaidivk BERHTERTZER EHEREHT.
1% 4(E u,u) = f(A)dA, % BME M, P —L2(R', fdi), EH
M,ur| LA Busd e Mt P23 LA(RY, fdA MBEET.
M, Prin(A), il

(ettfu,uy = (et ¥y Pu) :j ln(l)f(ﬁu)e“"dﬂu.
B
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i Planchere! g/l
Ll | (et Py o) | 2de =211:I , | CAy [2f2¢A)dA

<anlflf 0 a1 (da
BF Dl = 7). AR

f| (A |2 (A)dA = | Po|e< [u]?

B8 A2 K. (7.5.31), O|BBiE.
51187.5.15 M TR ue Fee (B), w—‘ﬁﬂc"”u=0. #n
RCERET, &A

lim [Ce**au| = q, (7.5.32)

trte=

AR R EFSEMIEHT ma 2 L2, fre LY, ) 72
eL, BT (e'*%u,v) B L Ay Fourier jiffi A5 ¥, H Riemann—
Lebesgue ‘3, Rl w— lim e’ *%u =0, 5|HEIRIE.

-2t rm=

# w5y Hilbert zifa]# =, {ER—HSRHEIE 3¢ Hiea}, A
2& LIEARET. 4

trA= > (Ae,,6,). (7.5.33)

R

BHBUER wA EEHEBER, HRAHARE. AREFT HuiT|

<coltd, T MR RETNBHRALET. X B|T|=T*T)7,
WETFLEILE Ly (#). EEAR2, RONEFNTBER
FHEE. ERBRIOMEY, HTERTEF, L3 E~—FIESH
{An}, HBE—HIHEIER T e ), BFES—H R L A
{7a}, £

C=XA,0 0.0, (7.5.34)
KT A, <coB A CHE, 1HICH =2t AR RATMC
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RSB TR, REEERRT.
@7 5. 16 (Pearson) % ABREBEHETF. JRARR
T BEFCHTREXL THC=JB-Al, vyrveD(A, uc
DB,
(Cu,v) = (JBu,v) — (Ju, Av), (7.5.35)

FO BT, W
W,(A,B;J) =s= lime~i*4Jei 5P (B)  (7.5.,36)
7 1
SEER W@ =emit4)eit P T MBEX B hHE,

M R EWR Y ve (B,
lim (W @) —W(s)ult=0,  (7.5.37)

.8~

M+
(W) ~-Wisyu|2=WxeyWa) —W(s))u, )
+ (W*(s) (Wsy -Wt)u,u),
(7.5.38)

A UL i

lim (W*@) (W) -Wis))u,u) =0,
LR 4y = HAEIN T

() e

Wty — W (s) = ire"' ACetrBdr, (7.5.39)

e b, vee D), ue s,
(W u,v) = (Jei™y ef™ ),

a(—];-(W{r)u,v) =i(JBei ®y eivAyy —1(Jei"fu efT1AY)

—i(e=tTACe TPy vy,
BT r A s B¢ By, HIAE(T.5.30.
236



517 5,15, M TREM:,s.
lim e™ ' “dW*(5) (W (1) ~W s)yet fu=0, YucMmB),

i —» oo

(7.5.40)

KAERLWO -WsREATF,

@) MTHERETLK, SIARE
Loy (K =f e 2" ?KetPdr, (7.5.41)
Hea<<h, 0|
WH(y W (s) —e " BW* ()W (s)eioB = [, (Y (1,8)),

(7.5.42)

He

Y(t,s) =1'e‘“3(C*e”‘—'3‘U— f*e"“—”‘"C)e"”’.
(7.5.43)
B b, L Q) =e MWW (s)e!?E, [(7,5 4D £

+ dQ (b
iR 0 - 0@ = - [P, miek Q) ki . £1LL
T s LRI, T2
40 )
db

=" P B(W* (W (s)B- BW*(t)W (s))ei®?

=1e B (g i 18 JHgitt—11ATReitB
—e~ 38 fkpiti—0lAfaisByaidB

=ie-iba(e—-uB_[tﬂut—suceila
—pg—i ﬁﬂc*ei(t—slajBiSB]Bi LF ]

= —e F¢BY (1,5)eft 8,

FREWZ7.5,42), BFEHAE(7.5.42), REHEE LR, b
B ESIASEETT (Q)yu,vy = W s)e! “u W e "4y, AR
(1) LA A& (7.5,30) pa 5 A HI Wl BATVARE IF 4R IEHA , 1%
CEBIRA.
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W(T.5.400 57 5 A WA EKR, HAMT vue MB) ,
WO W ) -Wsyu,u) =lim{d, (Y @,t)~ YU, syyu,ul,

(7.5.44)
Gy BT CEBRE T, CHREHMHA
C= E)"'ﬂ{- -en)fn-
FEMTFERARETK, FTHRESH
| (dyale=* " *KCei*Byy u)|
<@ ICI K ull | Siaaf et mu e |
(7.5.45)

fL b, WOMBHFRARASPS X A #1, i Schware %
s

L.8, =

"Z.ﬂ."(ell"Jr”H“:en} (e—ilu-r-.#ﬁjﬂ.u)drf
| B i

<[ [ 1K Ly e om a7
o 172
. \-ZA"J‘ l(e|[:+r:ﬁu’eﬂ]i2er
- o

T1/2

< :E]iujw I<iffn,e"”u)|2drj
e 1/2
. J( Zlﬂj l (er” “u,en‘xlzdr_l
L/2
SONRIPTEVIND

ne __l.ﬁ"a
PN RIICENILY
< (2n|C rr}”‘nlu”!HKH
SL/2
LT 2
Z:‘L f |(e drl »
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CHPICH = 2, BRBIARGRATSIH 5,14,
BB (7.5,.38),(7.5.44),(7.5.45), HIETHKEIT
(W) =W (s))uf2<ig@n|C v 2 ull )Y

. {EI:A“-F | (&' " Bu,e,) |dr :]m

min(fsa

CWBIML, AR GFR

LW () — W (s))yul2<16n|C, e f2) 1,
 BeShEBIME 7 5. 14 40 > A, ) (o0 T Buy e,y | 2e LY TR R

TR, HWIL(7.5.37) Bor. EMIKIE.

W JB- Al BspRFiut, J*A-BI*h B B B T, B s
lime~¢¢4jei 8P, (B) HGs-lime tf8)%¢: 4P (A [RMTELE. T
R J=1ut, By 5 11 EAE M. R HF BT 508 #it.
| ¥87.5,17 (Kato-Rosenblum) i A,BREBEHHET, A-B

EWET, MW A HHERLRTELH.
| EEH b AMBW L& X R, BETC=A-BRELzEM
T 18MB N TEE, HivuecD@A), veD(B), (Cu,r) = (Au,
v) = (u,Bv), tEH Pearson e MK B A, BHEMTER:

E7.5.18(Kuroda-Birman) AP BRBEMLEF.FHC-
By=t— (1 - A)TRREF, MW, (ABYFERBZTLMN.

B & T=0¢-A)(-B)"1, WMET.5.30FXLT

C=JB-Al=(-B)"1-(~A)"t
Z BT, H Pearson 3287 5,16

s— lime=14(1~ A)=1(i - B)~let 48P, (B)

#rtee

HFE. BETERBAERC-Buigi, XpueD@), W
s— lime ¥4 Ay-le'tBP_ (B)

o

e, ATFE-B - - A)RERT, MFIET.5.15
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s— lim((—-8)"1—(1—-A)y " Het' P (B) =

| o

T &
s— lime ¢t 4(i~B)y~let*3P (B)

Pt

fFEE. A—RIEAEIRM - Bu iy, AW, A, BHIrE,
it ERtan W, (B, A)BHFETE, MMk Lam. L.

§6 AR I8

£ FHE AR S FREESRERFRPEL, 6
Iy AR, E3FRE, Kdv i, Schrddinger FEF, MR
JERIA,

FEMT—RERGE

d
Ex(t}=Ax(t) +f, (7.6.D

Hrh fy [0,00)8 (—co,c0)>B %2, A B2 LEWFEE
BE, mic@OeCTRLZINCRLEDA)), DAIBKANZE
Xk, DA) EEHEEBEE x| = |x] + ) Ax],

BTEHRETHWRERYABOAE TR, Lk, Hlu
A REBET, BIO,0)Co), WA

| (A=A Y<1/4, YA>D,

#18 Hille—Yosida 8, #iH —ALLA ST /ME RSS2
BT |10}, TREBRHFEBG.6.DEESMEEE

x(0) =x,& D(A) (7.6.2)
B B AT LB R
x(t}=T<t>xﬁ+J-‘T(t—r)f(r)dr, (7.8.3)
Hh feCRLDAHYERBC(RY, ), HXL L, FfcCR !
DAY, BIEBM (7.6, %
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d%x(t) =AT (£ x, + F () +j AT (¢ —v)f()de
1]

=Ax{(t) + f{);s
#H fel! (Rlic%_’): id

-

u(t) =J= T ¢ - r)f(r)dr:JIT(r)f(t-t)dt,
Q0 i} ]

G RTOE S At &

_dl‘&ﬁtf')_=T(;)f(o) +J'T(t—r}f’(r)df.
g G

{2
. [ ’
AT () —1Ju(ty = k"U- TG +h - t)f(r)dr - u{l) ]

=h-1[u(t+ k) — u()]
_%j‘+kT(t+h-r)f(r)df
‘ _

-0 _tw,  se-o+it.
FLlu € DA fiRA
du ()
T =AH(‘) +f(t)-

#17.6.1 ZBribdh R En mE R,
ﬂ.f{%.z.x)_ => aij(x)‘giza—t;j"" be(x)a_a.%
Fo(x)u(x) + f(t,%), (7.6.4)
A (t,x) €[0,00) x 0,
200, %) =ty (x), W x40, )
Ut %) au=0,

241




H Q& RYPFRFKK, RAGHALTR, RE i (0, &),
e (O O LF RESRZ @R i B APE (a0 (0O) L BME &I+,
id

a% .|
A= 2% ai® e+ b te@. (7.6.5

& =123, DA =C3(Q), MATEY Hpk—42 ki H
BE, (Bidh A, XN A2 ((HW), & Gerding A
M3 GIEEW a,>0, A=0, fiffvVucH2(Q)NH(D,

Re (Auv,uw) Zay|ullf - A ful?,
Hrplo LR HY (OB, TRE A>AR

Re ((A - A)u,u) za,fuli,
M it
fh—Aul2z @A~ ult+2(A-A")Re((A* - A)u,uw)
+ [ (A = A)yuj?,
Foh ASAT >4, FFLA
(A=A )22 (A - Ay ul?,

HiE (A, 0)Co(A), BT 1. 7MAR—BE B TL8
ITW =0 B 2 B T, Y u) e Ay (1 HI), FTWweE
Cl(L0,00), 40 b, LR pnil {8 FREH #

u(t,x) = (Tt i) (%) +J: (Tt -1)f(x)) (0dr,

(7.6.6)
$17.6.2 I dh%S 5 B e {E AR,
¢ 2tult
1;;;’:‘:) =A'u(t,x}+f(t,x}, =0, xc R",
{u(0,%) = uy(x), &R, (7.6.7)
Buia(i!{) = u, (X)), icR™,
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ou(t,x)
p(t, %) = — 2,

FREFBTRE N RYE
w()=(5 )0
Ga)-C)
1B =-A, DBy =H(R", BEHFHRET B”,D (B

=H(R™, FIA
& = DBy x L2(R™),

(7.6.8)

HElE AR

((H,L’},(u’,ﬂ’}} = (Bli‘zu‘Bliiu!} + (U,U"), .
TR&ZEWLNHT A — Hilbert 527, X4
/ I
4=(_y o)
-8B 0
DAY =D By x DBV,
HTERE z,2" € D(A) ,z=<u,vp,z" =u/ 0>,
(Az,z") = (v, = Bu>,<u’ ,#'>)
= (B"2y,B8V%u") — (Bu,v’)
(z,Az") = ({u,v>,<v’, - Bu’))
- (Bl.-'2u’Bl.f2v’) - (U,Bu’).
FrEA
(z,Az") = — (Az,z")},

B A BN, HiEA REMHM, Il &
(GALi)z=0,
Rj

243

e g epr— - B Oy — .
- - R e s wmb e T R AU i o e mem—m . — o - —



v=u=1(,
{—Buj:l,':(]
W u=v=0, f£=z=0,
TRAEEG.6.8) LA

dz(t
ZE) =Az(t)y + F(t), (7.6.9)

i F @) =<0,7¢,x)>, A% A A, BTLLH Stone g2

[ 4
2 (L) =e“zﬂ+'[ e (=7 AR (v)ydr,
1)

ﬁ;'ﬁ (M =z, =<uy,u,>,
Tttt R R R,

dx (t) ]
[*dzwﬁ"m +f{t,x()), (7.6.10)

() = Xgy

Hft A & Banach 2Rl EBE FF, MitAR2 L ME R
TP ERERTT, f¢,0eCq0,Tixe;2).,
HREAT 6. 10 MR KIRS R

s =T+ [Te-0f@,x@)dr, @.6.1D
Q

Hoah T tz=0) Rl A £ R EESER,
H4xcC((0,T],2) EEB oHFB (7.6.11), Ni$k X 24
Segal 31 W PR SCIg.
FIE7.6.3 W feCo,Tixz, 2 MHE
1,2y — FQ,x ) | <<Lilx, — x, ], (7.6.12)

Yie[n, T, x,xc2°, B L>0R—% %, Wvx.c2, K
BLCv .6 10) fRfr -~ g Segal F X T 355 L.
R S Mg F a0, Tl, ) —=Co, T, &b
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(Fxy (1) :]"(tjxn+J!T(t-—r)f(r,x(r}3dr,
)

(7.6.13)
Hvrtclo, 71, A« Fi2CCo,T], ) higE, WE
(Fx) ) - (Fopy (<MLt x-y], viec 0,71,
(7.6.14)
HpME IT® |0, T B ES, 900, T],2), S
(7.6.13)5(.6.10)F

MLip™
[(Fre) @) = (Fro) 0 | <2 - w1,
yie[0,T].

Rt

MLT)®

IFe- oyl <UD s, ne1,2,0
T3
= (MLTHY®
2_...._ A

i
LI § I

RS, FEL R Picard FRFIE %, = Frx ME ¢ B %4 x*€ C([0.
T),2) , B AHR(7.6.10) iy Segal F T M0 S A,

Eil, Segal U FHMX MR W—M. ¥ x*, vy eC(0,
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TRH8.1.20), (8.1 280K (8.1.2T) Fawil] Fiel
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(8.1.30) P IR N8 25 it © ooy [0, ¢ 1 ¥5 Wiener B4y, {155
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u(t, £y = E' ¢[e=af 22 wiaaq, (8.1,34)
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(4) HURHEFE T, tr ALY =trA,

R L, R JEEEMHERR EHE, MU MBREXER
k., i

i(UAUY = D W AU, 0, = > (Ale, lie,) =trA.

(5) MAc L, (&), BC L{a)Bt, twAB = rBA,

¥R L, RO SULERTH AU =tUA, 3T Be
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o ve 2, BTy, =1, Ligz=ve/Ty,
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1- exp( ~ é—(suz,z}}"’é%:
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Fdta =2 ng -0, HUS,EHHT,

‘-ﬁ}*fi- MEEEW (8.3, 150504 Hﬂ[ﬁﬁ% &P 3 e Minlos-
SRazanov NG 4, xt){%]ﬁ'?fﬁfikﬁlxhg%
' Sx=8x+ (m,x)m, Y& F,

WS RERTF,
Sz, = (S, x. ) +{(m,x)(m,u,,

]_—chf?(y) = ] — cos{t, y) «exp !L -—2 (S,y,y)]
r 1 J
=1- L — (S,
1 expL_ 2( ey
A |
+11~cos(m,y) Jexp) — .-?--(Sly,y)]

}}(Sty ¥ +[1—eos(m,p)]

s;é CNN) +%(m,y}2

1
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2(3!!0

AP R 2 EENRRME « HREEH. AT ER—
ﬂfmfﬂ?uﬂy 1Y) 5o {iF whs 4 A
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R AV RR EfGauss I L EHA N (3, 00, HERGS 1,0,
FREL o e or Ly Ganes SR, w2 PR A IE,

303

e T e ey EERIEY. ]

L LU D



3.2 Hilbert# &) L3k iE {.Gause] g & F41- 14
N33 W, 2)EAMEN, «r R TBIEME,
ﬁﬂ%ﬁiﬁA,BEf,f:AUB,AﬂB:ﬁ, ﬁ‘?&

(A =0, v(B>=0

FEFEE S, Mk H5v BHER (REHdt i, dfesiv. I

RGN o TUHEETLE > THE, Wiy 2T osma L, WB1E

v p, P ey, EMXE v e, MiRe 5 v 6, idfEusr,
F v, MBELETRERE /), EHF

v (B) =Lf(x)a(dx), vBe®., (8.3.1B

fRAES o AU, HEE -0 e EUTRME—M., Ay
F u ) Radon-Nikodym F:¥r, ig B

0 = e (8.3.17
£

By A8 3. 24 iR R A THlbere 28 fA] LA Gauss WA £ H
LR ARLRT R, Ry R Hilbert 2575 £
S, MEHETF R HilbentZZ MBI A FHBET. 1227 4 Hilben
2, me X, S HFMHSFHERET, AHRRER, R IRH
B8 NOn,S)HRAKEEE R (8.3.15 R IER L Gauss 3
B, FTEHIHEEHLEHRTNG, SO AN, ) Bfta%k
HF N, 8)=N(m, ST HHYFHELHEF O K, Radon-
Nikodym S8 E {27

HRMEREEHFAEEET A Gauss MEHRKR. TH
MR ENRELHAR, KEEMHEN.

TIE8.3.4 PFu=N@,S), v=N,$HH# LB 4 Gauss
e, Bidsc Ran(S'" DH p=v; Y ad Ran(S" D] slv,

JEBA  Ra¢ Ren(S'7%), HERIEH
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BERR, BEM>0, BV 2,

a, ) <MV Sy, (8.3,19)
ESy=0, B, =0, ac (kerS)*, B{MIHSHLBWIER
PR (FESMREENY ERHE, HRAXRSENSER), i2
{e3} e B V3 — 45 4E 1n) B ?%{Ej}%(kerS)lEﬁE?EﬂﬁE,

Se;—ﬂfe},fﬂ,z, & a= Slases, v = Za:e;/ﬂ-: AT
HR (8. 3 “19), BmE

(3,3.18)

Z J.-<M=

J--l
BiLhb = D bsesc &, K th by=ay/VA;, TiHa=S'"%, X5

a¢ Ran(S* ) Fj&. FLA8.3.18) %31, Bi(a,»/v (Sy,» &
BRI E={sllyl =1} LEF. TEFE vk,

(2,0, )2 N(SHasYu) o
r‘iﬁ:(sym!f‘n)—"ﬂ. Ea‘%ﬁﬁﬁﬂﬁﬂ'}- 4‘%&.9'1;—"9'0. EE:F

(S¥n b)) = L(x,y,.)’u(dx)

B jr(x?yﬂ)zv(dx) - (a,y,,)”,
& n—o0,

j x, 1) (de) = g,

J (x —a,y,) v {dx) =0,

W (2, 5) =0,8.e 1y (x,¥) =(a,%).5a e.v Bri) .::
BixX, (X,uy) =01 =1, 1«,-*
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p{x|(x,9) = Ca,u)} =1,
Hibe v,
XigacRan(S'7%), HHIBEUE v u, FF#E H Raden-Nikodyrs
S .ika=8"2b, Lk b R PR b (ker§ 7)Y = (RanS '~ %)
RAFLEC,, B0, 28 2o wb, IfH, a,280,-ra, £ 5.k
EXMEMTF: vBc 4,

v (B) =J:exp{(x,cﬂ) - »-%(Scn,cﬂ)‘]p(dx?_

f

mF
L% (%, 0.0 = (¥, 0m) | 20(d0)
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= “bﬂ - bm“ =0,

B oDl (#, F, P RABEIRBEE F),

exp (¥,¢0) = o (S0y,0) exp Fey - Lol |,

BREABMEE )75 v e 2L B — A ) BEv . ifd L

5 (B) =Jexp P _%ubuzju(dx). (8.3,20)
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FT RBEIEHy =v, tH v, TR,

P W (W) =fexp [FCE ) + (%, 0) ~; (Seq,tg) 1(4X)

=exp[ 1{Sc,, 1) —-é—(gy;y) ]
=exp!i(aﬂ,y,)-* é-(Sy,y) _]:

4 n—=oo, B vIIHIEIT &
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Filhv = v, EEALE, -

Wit 8.3.5 Be=N@®, v=NG.SYH Y AHF LW A
Gauss JHEE, B 24 a-beRan(SY2 )}, p~v; a-b&GRan(S'*)
i, s.lv,

FTERIHEH A EA T RGHRXE T Gauss RIERIE 5574
fossirdE, ks | ARTINES (] L M SR ) B 2 [Ty Hellinger JRi,
F Hellinger §5 45 1 B B (1] &5 57 5 % ff £ B R 2 ]

(e, &) RAMER, tR(&. PIR—THERE, £
-l EE, kI N F2H-I T o-RE, fceg, EEZ TN
MBS, Uit

ff’du=J fdu, VAl (8.3.21)
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W, Btk e FRT o-R% 2 &G, X0 RiE
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Fouv BRAE LM, Beu, i0u v gk sy
Z Ly R, MARMSAEHE v/ <e’, WmH
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a?_E (EE), (8.3.22)
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- A

ik w5 4, Z 1A Hellinger JR 35,

1 RIS R VSRR, ER UL h(u,,u) 54
BT R. FXEE, RE.32DEWRY K hir,ed. B A
B5 AW 0 KA iy A IR By = LA+ 24,
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d d i/2
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(3) Flit, 1y) = 0=, L ldps

() (-t B —A4-F .
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e it Lebesgue sy REETR, w, FTLAME—HESrRER o =v +v, K
vy, Lee BE= (1 +¥(2)7Y, &iscu, +V), BRRA 1K
Ay, BRATA “/” MMM ELE S, FHRH, W) =
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fi= Pk I =3 I=1,2,
BR(F.4£) |
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&
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BT e by o) 220t g, (i, )
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VLRI T 1 S Bl T,
faS BRI 2, [ BEN (LD,
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di’ di’
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FH i
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f

x-expL - %(.&j' (X — i), (X~ mi))de,
ﬁffw. 121325

h(GuGz) = (2m) _ﬂ"'-(lA: |A3!)—T

x| exp - 2AT om),Cesm)

n

__ixﬂgi(x-¢n9.<g_,ﬂﬁ)de.

(8.3.26)
et MW AT 1t K

- tni(G,,G,) -_.4.1721 A ;42_|_1 |4].|_]n|AE{]
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(8.3.27)

e ) 2y Hilberd 5207 .9 [, 18 {z,} B (#, %) 4 0]
Bz, TEREANER. VA =<2, 0,V XEF,n= 1,2,
AL P, TR h 2 Bore! ik, Wl AT ={A;'B
BE FH R b — A To- S, n= 1,2, RATH Z,=

(Ufl L VB AR AIE R (A A, Ag HEIRI Fo 18

B. BEAM iz, BN Fo- R, 5 WL#e=

(UA"&?‘ ), WAL A TSI 20} B A L.
+)If-d£ ﬂ
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MTE—EREK e, BE@, ZOHER, ) HEER
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w5 o, 78 2, ERRHITEE M FAR R, 2" b & Gauss }
B, MG 56, BB (n,u)=h(C1,G3), B LA
~loghy (u,p) AERIT A 8.3.27) , K $GLk=1,21%
A5 X MR
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- lﬂg hfs (K, ﬂa) B@Eﬁﬁﬂﬁ% - 105&2, (i) Huﬂ) E}Fﬂﬂ]]ﬁ

- loghsu(ﬂl,ﬂz)g—loghgi(ul,ﬁz). (8.3.28)

4 n—>o0, H5I38.3.8
—logh(@,, B> < ~ logh(u,,8,), (8.3.29)

Fw 5o, EAEZR, WS 8,3,7 M- logh(u,, 1) BH, BlLA
—logh(R,BOH S, (PHEIBEITHB L E5H EAER, #
B gk R B 5 B

51888.3.93 FH# I Gauvss M N(a,,S) 5N, S EARIE
2, WINGQ,SHOENQO,SHOHBAAER.

EN8.3.10 ¥ Gauss P u=N@,HHMARKE T B E K
T MR o BB Gauss B,

BIFR8.3.11 #u,=N0,5DH m=N@O,Sp& (¥.9 L
BARERMIERIE Gaves JEE, MFEEARETF Tel@®) . RE
Ry, W2

§,=8,27T8,32, (8.3.30)
MmE T-1cLlo (@),
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VERR RS By RAERAFTERL A, Aoy o, IRAFIEIE A
B, Mel AHE pikHBL, Xk ey, 0, - HMBME HIE 22
L. BT S\ RERTF, {eu/ BF N —MEERE.
E X LH R T

3
AjFI)aV_i—,;<x,ﬂj}, .IV.XE&”.
FRMF Vi,i=1,20
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<S,ei,85>
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E-’g[ﬂ (x)ﬂf(x):]=—-3ti_.-.,—u— tij
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-lﬂgh;"(ﬂnl‘z)
= 123 1og 1 nk  Shtoge, s,
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Kb T, B A RBBIER A, e, A ERB T o-fRE. BT
N,5)5 N(0,S) BAEZR, Bl ERFTR. APER

(1+8)°
40
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|
20g2
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G E

sup sup [2105 l%'uﬁ_- I\bgﬂmk]ﬁ;oo.J |
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BHEEEY «c 5CH#H
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mup > (1 - 8,002,

=1

M

2

S (ty5- 8, )1< 00, (8.3.32)

k 12§ =1

N
¥ Hilbert Zifa] -z LR HEH T
Te,é it,;e;, i=1,2,, (8.3.33)
fel

HEFAR (8.3.3D MMHEEFTHR BEER®, HALHER
F (8.3.32) mT~-1 %Hi]bert—-—Schmidt %:%, it #p

sdTsbe, e = <TSte,,Step
=<8,e.,65>,
ALl & (8.3.30) mr. S|EAIE,
BI8E8. 3, 11 e iy, Tk L RINE
313.3.12 WwTel(s),TAM, 0<<eT<C<Ce0, T-
I & Hilbert-Schmidt & ¥, % S,,5, & # LENKBTF, BE
§,= SliTSI%; W iy Gauss i u, = N,SpD,n,= N0,8,)
HRSH |
88 T -TELep () TRERT. SWLLER IR
WA}, BB BTHRET, HMEAERMELIR S,
Tx; = Ajxj, (8,3.34)
0<esCAICLP, 1=1,2,0,
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i s %(Eﬁhﬁ) kg o, ﬁ%hlﬁ’lﬂwsswﬁf Gedp)
BR .2 RHE N0, HERA N Goues WEFE, £ FFI T @A
R= {(y,0, )& RYyt=1,2,00} 5| A B Gauss BfF P,
$|_|P3 Co NP T . '

P=TIG, P.=]]Gwn.
Jel

BIEATRT B A R" = (3= (@1,0,,0) |4, €RY, ISI<n)
AR5y B I
P1=116G, P§=ﬁ3(3?).

==t
A h

o T (0 2]

E%Tw@mumynﬁkm-n%mm&x%ﬁa

1 r( 1 ___1_)a= logﬂ.j]

i-1
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Radon-Nikodym 9.8 B
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X R P o il Bk gt
T:al———a-ia; (S,'!"xj)éx. (8&.3.368)

i P, 2697 Wik 4 T R o5y 45 T 5 L Couss 5 %, 3 F
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Ery 77 [Kx,90t] = Ef1[KTa, 1>%]
315




= Z(Slélxj,y:)z = Z <le81&y>2
Je=1 =1

=15, e =<S,5.
Bl AT = e FE
E?."7" [¢x y5?] = EP:[Ta, %]

= Z E? ;[ aa; <Sl‘}xj',y>“]
tsfml

= Zil.j (S}x;,y}g

i=1

= E<SI'{'\/I}xhy>2
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